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runtime mutual exclusion mechanism can surround each I/0
call.

The Ada I/O packages provide function NAME which
returns the full pathname of an open Unix file. If an
Ada file is open to a Unix terminal, NAME should return
"/dev/tty", whether the terminal is open for input or
output, but there is an ACVC test that requires that
NAME (STANDARD INPUT) and NAME (STANDARD OUTPUT) be
different. The author considers this to be a bug in the
ACVC test suite, not a Unix problem.

3.3 Incompatibility

To a compiler writer, compatibility between target
machines means compatibility at the machine code level.
Unix standardization efforts have focussed on the system
call level and the C library level (the same call, with
the same parameters, should have the same meaning on
different Unix implementations). At the machine code
level, we have found many annoying differences between
68000/Unix machines.

Two examples, write-protected code and trap
instructions, have already been mentioned. Another
examples is the assembly language itself! HP supports
the Motorola assembly language (e.g. "move.w #6(a0),
do"), but Altos supports a PDP-11-style assembly
language ("movw aO@(6), do"). This means that RTS

components written in assembler must be translated.
A few more incompatibilities:

- the context of a signal (where on the stack
registers are saved) is needed by the signal catcher
to see where and why it was called. This information
is difficult to find in any manual, and differs
greatly between machines.

- the method to extend the main stack is different on
each system we have tried.

In addition to the C source standards for calling
library functions, it seems desirable to have another

level of standard that would say: "Version N Unix,
running on machine architecture X, has assembler
conventions that: instruction 1 has von effect
instruction 2 has ... effect " etc. This would be an

extra level of Unix standard (a Unix sub-standard?) that
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would move toward binary code compatibility, a desirable
feature that doesn't exist now.

4 EXxperiences using Ada

At Alsys we are Ada users as well as Ada implementors.
Our compiler and most of our toolset are written in Ada.
We are starting to have a significant amount of
experience as Ada users on VAX/VMS, 68000/Unix, and
80286/DOS. Ada is proving to be a good language with
which to do our work as programmers. Ada programs
execute fast on the target machines, and are proving to
be highly portable between target machines.

The compiler consists of around 700 compilation units
and 250,000 lines of Ada source code. The Ada
facilities for program structure (public specifications,
private implementations, and trees of subunits) have
been tremendously helpful to us as software engineers,
in organizing this large software project. The HP, Sun,
Apollo, and IBM PC AT compilers are now "bootstrapped"
or compiled through themselves. Because we were careful
to isolate the system-dependent parts (such as the
COMPILER IO package) the root compiler's source code has
proved to be portable without too many problems.

4.1 Portability

Programs that we have written in Ada are proving to be
very portable between the Vax, the 68000, and the 80286,
running under the 3 different operating systems. The
Ada Program Viewer is an Alsys tool that allows a user
to browse through the source modules of an Ada progran,
"zooming" in and out to different levels of detail. The
Viewer is written in Ada (about 9000 lines) and porting
it from the 68000 to the 8086 required only a change of
one package body that did screen input/output and
windowing, no other changes to the program source.

We learned from the Viewer experience that Ada alone
doesn't guarantee good software engineering. The first
port of the Viewer, from the Vax to the 68000, was
difficult because the I/0 and windowing code was
distributed around the program. Once the program was
reorganized to encapsulate these actions into one
package, the second port, from the 68000 to the 80286,
required no changes outside this package body.
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4.2 Efficiency

Applications written in Ada are proving to execute
faster than Pascal, and at around the same speed as C,
on the Unix and DOS target machines. At press time,

figures for the 68000 machines were unavailable, but the

following benchmarks compare the efficiency of generated
code on the IBM PC AT:

PC AT Benchmark results

2.86

2.41

Quick Bubble Tree FFT Ack
Alsys Ada, no checks:
2.25 1.81 5.10 9.87 34.21 1.39 4.78 1.64 11.85 23.34
Alsys Ada, checks:
3.51 2.75 6.09 11.09 39.81 2.81 7.18 1.92 13.46 31.00
Lattice C, large model:
2.31 4.11 12.31 40.48 12.91 5.82 1.81 3.63 61.29 37,02
Lattice C, small model:
2.26 1.31 2.53 29.28 13.12 2.53 1.81 3.30 52.78 35,37
Turbo Pascal:
4.4 2.96 3.52 79.58 14.61 3.07 4.23 7.14 121.33 72.72
Time totals:
no f.p. floating point (MM + FFT)
Ada (no checks) 76.83 21.72
Ada (checks) 98.41 24.55
C (large model) 82.78 101.77
C (small model) 64.64 82.06
Turbo 117.21 200.91

Times are in seconds, on an 8MHz
benchmarks are:

IBM PC AT. The

Perm: Generate all permutations of 7 integers 5
times (recursive)

Towers: Solve Towers of Hanoi (14 discs, recursive)

Queens: Solve 8 Queens problem 50 times

MM: Multiply 2 40x40 matrices of 32-bit floating
point numbers

IntMM: Multiply 2 40x40 matrices of 16-bit integers

Puzzle: A compute-bound puzzle program.

Quick: Quicksort 5000 integers
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Bubble: Bubblesort 500 integers
Tree: Binary tree sort of 5000 integers
FFT: Do 256-point Fast Fourier Transform 20 times
Ack: Compute the Ackerman function ack(3, 6)
10 times.

These figures are not meant to be a precise
measurement of the relative quality of compilers, but
merely to show a general result: that we are able to
confidently claim that Ada is able to generate code that
is at least of comparable efficiency to these other
languages.

For the floating point tests, Ada uses the 80287
floating point co-processor. We think that C also uses
the co-processor, but that Pascal does its computations
in software. We used Revision 2.15 of Lattice C and
Version 2.00A of Turbo Pascal for the tests. In Lattice
C, the "small model" allows a 64K byte limit for code,
plus 64K combined global data plus stack plus heap.
"Large model" doesn't have these restrictions. The Ada
results can therefore be most fairly compared to the C
"large model" results.

5 Conclusions

An Ada compiler (and related tools) fit nicely into the
Unix environment, and are useful for writing

applications. We are enthusiastic about our experiences
as users of Ada.

Unix is an excellent host system for Ada program
development.

Unix is an excellent target system for running Ada
applications that don't have heavy real-time
constraints, and that don't use tasking "too much". We
seem to be able to produce Ada code that executes as
efficiently as C. We are happy with the correctness of
the tasking implementation, and an application with a
few parallel tasks and an occasional task switch runs
very efficiently.

As a target for a real-time Ada program, or a program
that makes very heavy use of tasking, the standard
time-sharing versions of Unix have inherent limitations.
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1. INTRODUCTION

The Ada * Joint Program Office (AJPO) has supported several efforts aimed at designing
and implementing an Ada Programming Support Environment (APSE) and at designing a stand-
ardized set of system calls, the Common APSE Interface Set (CAIS). The original purpose of
the CAIS was to serve as a common kernel-level interface for two APSEs being developed for
the DoD: the Ada Language System (ALS) and the Ada Integrated Environment (AIE). How-
ever, the AIE effort was reduced to a compiler and debugger development, and the ALS encoun-
tered serious schedule slips. There has been a proliferation of environments used for Ada
software development in the DoD community. As a result, the charter of the CAIS has evolved
to a more general operating system capability, increasing the complexity of hosting it on any
existing operating system.

1.1. Purpose

The purpose of this analysis was to determine the extent to which the CAIS accommodates
the needs of tool writers. UNIX, an operating system and set of tools originally developed at
Bell Telephone Laboratories, is 2 programming support environment that supports a variety of
languages, including Ada, C, Pascal, FORTRAN, and LISP. UNIX is one of the most widely
used APSES.

1.2. Scope

The scope of this analysis is limited to a comparison of the system calls in the Berkeley
4.29BSD version of the UNIX operating system to the Proposed MIL-STD of the Common APSE
Interface Set (CAIS), as specified in [CAIS]. The focus of this analysis is the tool writer’s per-
spective. That is, the analysis examines those areas where there might be an increase or loss of
capabilities to the tool writer when using Ada and CAIS system calls as opposed to Ada and
UNIX system calls. The comparison is between UNIX system calls and CAIS facilities because
the system calls represent the fundamental capabilities of UNIX and provide the basis for UNIX
library-level calls. Discussion of CAIS capabilities beyond UNIX is not included in this paper.

1.8. Report Organization

This report begins with a brief background that explains the need for a comparison of this
type (Section 2.0). Although time and space do not permit a complete introduction to the pro-
posed MIL-STD CAIS, a brief description is given. The technical issues section (section 3.0)

* UNIX is a trademark of AT&T Bell Laboratories
~ Ada is a registered trademark of the U.S. Government, Ada Joint Program Otfice
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presents a broad categorization of UNIX system calls and addresses the comparison of UNIX
with the CAIS within each of these areas. Section 4.0 summarizes the analysis. The Appendix
presents corresponding UNIX system calls and CAIS calls or supporting features in tabular form.

2. BACKGROUND

This section provides a brief history of the DoD efforts to build Ada programming support
environments that led to the design of the CAIS and a high-level overview of the CAIS.

2.1. History of the CAIS

In 1980 the Army awarded a contract to SofTech to develop an Ada compiler known as
the Ada Language System (ALS). The Army later expanded this effort to include a variety of
software support tools, host dependent services, and a database. Although no special program-
ming environment is needed to use the Ada language, it was commonly believed that an
integrated set of tools would speed the acceptance of the language. As a result, in 1980 the DoD
published the Requirements for Ada Programming Support Environments STONEMAN], the
"Stoneman” document. Soon after the publication of Stoneman, the Air Force awarded a con-
tract to Intermetrics to build the Ada Integrated Environment (AIE), a programming support
environment based upon Stoneman.

The existence of multiple DoD-sponsored APSEs threatened to undermine the benefits of
commonality, which was the primary goal of the Ada program. As a result, the Kernel APSE
(KAPSE) Interface Team (KIT), a tri-service organization chaired by the Navy under the gui-
dance of the Ada Joint Program Office (AJPO), was established in late 1981. Here, the term
"kernel” refers to the host-dependent code that supports the system call interface, roughly
analogous to the Chapter 2 calls provided by UNIX. The objective of the KIT was defined by a
Memorandum of Agreement signed by the Deputy Under Secretary of Defense and the Assistant
Secretaries of the three services. It stated that the KIT was to define a standard set of inter-
faces meant to ensure the interoperability of data and the transportability of tools between con-
forming APSEs. The KIT soon became responsible for a variety of Ada-related activities and
formed a subgroup, the Common APSE Interface Set (CAIS) Working Group, to focus on
defining the standard set of interfaces.

Meanwhile, the scope of the implementation of the AIE was reduced; KAPSE level ser-
vices are not included. Work by the CAIS Working Group continued and began expanding from
a common set of system interfaces to more general operating system capabilities. In September
1983 a public review was held for version 1.1.2 of the CAIS. A major criticism raised in the
public review was that although the CAIS had reached detailed specification, no requirements
document existed. Although the Stoneman requirements document mentions a CAIS-like capa-
bility, it does not contain the detailed requirements for one.

CAIS 1.2 and Technical Note 1.0 were available on request in June 1984, and CAIS 1.3
was released for public review in August 1984. An analysis similar to the present one was begun
under AJPO guidance. Following further revision, the proposed Military Standard was released
in January 1985. It includes a draft policy statement that restricts use of this version of the
CAIS to prototyping efforts. The proposed MIL-STD CALIS is the version that is treated in this
analysis. In November, 1985, the CAIS version 2.0 contract was awarded, with SofTech and
Compusec the contractor team.

2.2. Overview of the CAIS Specification

Ideally, all APSE tools would be implementable using only the Ada language and the
CAIS. The CAIS specification defines a set of Ada package specifications and their intended
semantics. The scope of the CAIS is limited to interfaces to those system services traditionally
provided by an operating system that affect tool transportability. Interoperability of data has
not yet been addressed. In support of transportability, the CAIS defines the concept of a "node
model.” The CAIS document states that a CAIS implementation is to act as a manager for a
set of entities that are files, processes, and organizational structures. Ada packages that
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support management of nodes and relationships, structures, files and devices, processes, attri-
butes, and access control are defined. Additionally, the CAIS specifies a generalized list utility
package.

2.3. Overview of the CAIS Node Model

The CAIS model uses the notion of a "node" to represent information about an entity
(such as a file, directory, process, or device). The entities represented by these nodes have pro-
perties and may be interrelated in many ways. The CAIS identifies three different kinds of
nodes: structural, file, and process. File nodes have contents corresponding to ordinary fles.
Special kinds of file nodes are used to represent devices and to support interprocess communica-
tion. Structural nodes represent users and can be used to represent arbitrary structural infor-
mation. A typical use of structural nodes with file nodes would be for creating file system
directory-like structures. Another use of hierarchical node structures is for the representation of
groups or roles for access control. A process node represents the execution of a program.

The CAIS node model uses the notion of a “relationship” for representing an interrelation
between entities and the notion of an "attribute” for representing a property of either an entity
or a interrelation. Some attributes and relationships are predefined; user-defined attributes and
relationships are supported, as well. There are two kinds of relationships: primary and secon-
dary. Primary relationships are restricted; each node has only one primary relationship point-
ing to it, although an arbitrary number of primary relationships may emanate from a node. A
node may have an arbitrary number of secondary relationships emanating from it and pointing
to it. Relationships can be used to build conventional hierarchical directory and process struc-
tures as well as network-like structures.

In the CAIS model, there is a single system level node with user (structural) and device
(file) nodes as children. Process trees, hierarchically related collections of process nodes, are
subordinate to user nodes. A user may have more than one process tree, or job. Structural and
file nodes may be created as children of nodes of any kind to which the creating process has
appropriate access rights.

3. TECHNICAL ISSUES

This comparison of the UNIX system calls to the CAIS began with a broad categorization
of UNIX system calls and a systematic mapping of 4.2BSD UNIX operating system services to
functional equivalents in the CAIS where such existed. This mapping provides a starting point
for a UNIX tool writer to determine how to use the CAIS for support of tools written in Ada.
An analysis of the mapping uncovers higher level areas where the differences between the CAIS
and UNIX have a significant impact on tool development. The technical areas addressed are:

File system structures

Input/output and device control

Access synchronization and control
Process management

Interprocess communication

Error detection, recovery, and diagnosis
Clock and timer management

Resource control and accounting
System administration

For each technical area, the discussion includes the support provided by UNIX and the CAIS,
and the significance to the tool writer. (For a related analysis, comparing features of Version
1.2 of the CAIS with System V calls, see IMITRE]). The Appendix contains tables showing the
mapping for each technical area. A UNIX system call appears in more than one table when it is
significant for more than one area.
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3.1. File System Structures

File system support depends upon what is to be included, such as files and devices, upon
facilities available to the user for structuring interrelationships among these entities, and also
upon the facilities for managing information about them. Table 1 of the Appendix contrasts
UNIX and CAIS file system facilities.

3.1.1. UNIX File System Structures

The UNIX file system achieves simplicity and uniformity by limiting what it contains to
files and by organizing them into hierarchical structures. UNIX file system objects are ordinary
files and "special” files (e.g. devices). Directories are just files containing pointers to other files.
All UNIX files are referenced uniformly, using a sequence of identifiers of directories that must
be traversed to reach the file of interest.

Although UNIX provides a basically hierarchical system, there is a capability for linking
from directories to existing files, permitting construction of directed graph structures. Hard
links are evaluated immediately and have essentially equal status with the original, hierarchical
link through which a file is created. A file is deleted when the last directory link to it is deleted.
Symbolic links, intended to .allow linking across (possibly unmounted) file systems, permit
delayed evaluation of references to files.

3.1.2. CAIS Node Model Structures

The CAIS model includes nodes: file nodes, structural nodes, and process nodes. These can
be combined in various ways to form more general file system structures, using relationships to
form directed graphs on nodes and attributes to represent meta-information about both nodes
and relationships. Naming is uniform in the CAIS, as well. A CAIS node is referenced by a
sequence of identifiers corresponding to the sequence of relationships that must be traversed. As
with UNIX, the benefits of uniformity are realized. As an example, a node can be accessed in
order to read its attributes or relationships without concern for the kind of node it is.

The CAIS distinguishes between primary and secondary relationships. Primary relation-
ships define strictly hierarchical structures, established when nodes are created (as with UNIX),
while arbitrary graph structures can be constructed using secondary relationships. Renaming
changes the primary link to a node and is restricted to file and structural nodes. Secondary
links in the CAIS are analogous to UNIX hard links in that they are evaluated immediately and
track a node that is renamed. There is no CAIS analogue of the UNIX symbolic link.

Primary links are used to enable secure node deletion. When a UNIX file is deleted, write
access to the last directory in the path through which it is accessed is required, and that is the
directory from which the link is removed. However, when a CAIS node is deleted, its unique pri-
mary relationship is removed, and it is unobtainable even though secondary links to it may
exist. Access to write relationships is required to the parent (source of the primary relationship)
of the node, even though the node to be deleted may be accessed through a secondary relation-
ship. Secondary links to the deleted node become dangling references.

The types of nodes upon which relationships are incident is not restricted. However,
UNIX-style directory structures may easily be constructed using CAIS structural nodes in place
of UNIX directory files. Instead of a UNIX file having pointers to other files as its contents, the
directory is represented using relationships that emanate from the CAIS structural node. CAIS
relationships emanating from a node are designated uniquely by a relation name and a key.

3.1.8. Implications for the Tool Writer

For the tool writer, the issue is one of usability — the simplicity and uniformity of UNIX
versus the generality and added support for file system concepts offered by the CAIS. It is
apparent that the expressiveness added by relationships and by node and relationship attributes
can be exploited by APSE tool writers. The CAIS provides a number of facilities for manipulat-
ing and navigating relations among nodes, and for managing attributes. An obvious benefit to
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the tool writer is that these facilities make it easier to maintain explicit knowledge about the
interdependencies and properties of nodes. For example, a structural node might contain a col-
lection of Ada source files for a system under development. There are various ways that these
files might be related (e.g., compilation order dependencies, membership in various subsystems,
version differences). Without the use of secondary relationships, these different relations among
the files may be recorded only in the mind of the system designer, in documentation, or possibly
in other files. The increased accessibility of processes as entities, with relationships and attri-
butes that can be referenced by tool writers, is also promising.

The differences in the linking of system structure are important, but there is no loss of
capability, and greater control over node existence is available to the tool writer, through the
CAIS. However, the use of links in the CAIS is less uniform than in the UNIX file system and
linking to a node does not guarantee that a tool can traverse the node (i.e. that it will still
exist) as it navigates the node model as UNIX hard links do.

3.2. Input/Output and Device Control

The input/output issues affecting tool writers involve the ease with which [/O services can
be used, the variety of useful services, the degree of control afforded for devices versus the con-
trol needed, and support for correct use of services. Extensibility of the I/O services supported
is important. Table 2 of the Appendix contrasts UNIX and CAIS file and device I/O facilities.

3.2.1. UNIX Input/Output

Generally, UNIX I/O services are presented through a single interface. The user views
files as files regardless of the devices they exist upon. The common interface is employed by the
programmer for all I/O calls. The device driver translates I/O calls to the appropriate device-
specific command sequences, using underlying block and character device disciplines. If greater
control of a character device is needed, user calls to ioct! with parameters appropriate for the
device provide it. UNIX also offers additional levels of abstraction for accessing and manipulat-
ing certain device classes at a higher level through specialized services (e.g. curses, sockets).

Under UNIX, extending I/O services is a matter of adding device drivers for new device
groups. Device-specific command sequences are simply passed through to the new driver via
toctl. Thus the UNIX tool writer can exercise direct control over special device features. Incor-
poration of the new device driver can be done by simply relinking the kernel and requires only
object level manipulation of the system.

3.2.2. CAIS Input/Output

The CAIS generally presumes a higher level of abstraction; there is little direct control of
devices comparable to the UNIX foct/ call. The trend seems to be a proliferation of device
abstractions, as opposed to the UNIX common model. The CAIS follows Ada in providing a
variety of "access methods” for using devices. Operations corresponding to particular element
types and access disciplines are packaged together. Although the proposed CAIS specification is
weak in this area, it is apparently intended that a file descriptor be used by a single such discip-
line.

‘ Uniform conventions for extension of the CAIS [/O model are not in place yet. New pack-
ages must be added to the CAIS package specification and to the package body. The CAIS
includes device abstractions for three kinds of terminals (scroll, page, and form) and for mag-
netic tapes. Obviously, additional interfaces may be needed for printers, plotters, and various
other special devices. The addition of such interfaces was deferred in the CAIS. The CAIS also
has no facilities for asynchronous or non-blocking [/O. Pragmatic questions exist about what
the mechanism will be for changing or extending the CAIS specification to admit new standard
device classes or access methods. That is, will a CAIS control board rule on extensions, or will
there be an analogue of Appendix F [LRM)] for system dependent or local extensions? To pro-
mote handling of such extensions through interfaces that conform to the CAIS approach, source
distribution of implementations may be required.
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3.2.3. Implications for the Tool Writer

The uniform set of I/O calls constituting the UNIX [/O interface contributes to ease of
use by the tool writer. For the CAIS tool writer, the CAIS input/output disciplines correspond
to the Ada [LRM] services in both style and semantics, giving access to CAIS file node contents
via all the Ada I/O access methods.

The facilities for direct control of devices in the CAIS are inadequate for the needs of tool
writers. At the least, the tool writer will need to be able to exploit new hardware capabilities
through easy addition of new device interfaces. The recompilation cost of adding interfaces to
the CAIS under its present structure, though a one-time cost, is very high.

8.3. Access Synchronization and Control

The important issues affecting access to file system objects are: what synchronization
mechanisms are there to protect against conflicting concurrent access? And what control
mechanisms are there to restrict the kind of access that is permitted and the users to which
access is permitted? Another issue is the degree to which such services are automatic or user-
controlled. Table 3 of the Appendix contrasts UNIX and CAIS access synchronization and con-
trol facilities.

3.3.1. UNIX Access Synchronization and Access Control

UNIX file access synchronization is managed through an advisory locking mechanism with
two classes of locks: shared or exclusive. Requests for locks may be either blocking or non-
blocking. Use of the locks is by voluntary cooperation, and access is not prevented by a process
that does not use locks.

UNIX access control depends upon user, group, and public (unrestricted) visibility of files,
where groups of users are defined by the system administrator. Each file has an user owner and
a group owner. Permissions assigned to each of the three roles are drawn from a limited set of
grantable rights: read, write, and execute/search.

8.3.2. CAIS Access Synchronization and Access Control

Synchronization of access to nodes in the CAIS encompasses file nodes, structural nodes,
and process nodes. Protection against conflicting concurrent access is supported for access
intents of finer granularity than UNIX offers. For example, read, write, exclusive write, read
attributes, and write relationships are among the intents that may be requested. These intents
allow varying degrees of synchronization protection, but they are enforced by the CAIS and are
not merely advisory.

The CAIS access control mechanisms are only recommendations, but alternate mechanisms
must provide all the specified interface semantics. The CAIS approach to access control is two-
fold, consisting of discretionary and mandatory modes, and is compliant with the DoD Trusted
Computer System Evaluation Criteria TCSEC]. First, the CAIS provides discretionary access
control based upon the identity of subjects and groups to which they belong. Access can be
granted to roles: users, (program) files, and groups. The CAIS does not restrict the namespace
for grantable access rights, allowing construction of named sets of access rights based upon a set
of CAlS-defined intents. CAIS roles are nodes representing users, programs, and hierarchically
structured groups. This form of access control is roughly analogous to the UNIX enforcement of
file visibility. The second form of access control supported in the CAIS is mandatory access con-
trol based upon subject clearances or authorizations and upon classification of sensitivity of the
node to be accessed. Mandatory access control is enforced using a node labeling scheme based
upon predefined node attributes for object and subject classification.
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3.3.3. Implications for the Tool Writer

The CAIS provides more comprehensive synchronization services to the tool writer. This
can be particularly important where separately developed tool sets share some intermediate file
nodes. Advisory locking among tools of a set might be employed, yet interference across tool set
boundaries could occur. With the CAIS, this is not a problem as long as each tool protects itself
against interference. Discretionary access control in the CAIS and UNIX access control
correspond very closely, with additional support for grantable access rights and for structuring
groups in the CAIS. How useful a mandatory access control mode will be for general software
tool development is an open question. However, for DoD software environments, a tool writer
building the project-specific tools of an APSE may require both security modes.

3.4. Process Management

For the tool writer, the process management issues include the facilities available: for pro-
cess creation, for control over and access to created processes, and for controling inheritance of
the environment of the created process. Table 4 of the Appendix contrasts UNIX and CAIS pro-
cess management facilities.

3.4.1. UNIX Process Management Facilities

UNIX provides a hierarchical process structure with a limited adoption capability and an
inheritance by the child process of parent information in the program data space. The fork sys-
tem call creates a child process that is a copy of the current process. The ezecve system call
can be used by the child process to execute a program file, transforming the copy process into a
new process. The wait system call allows a process to wait for termination of a child process (or
a signal). The _ezit system call causes the running subprocesses of the process to be adopted by
the initialization process.

3.4.2. CAIS Process Management Facilities

The CAIS supplies an underlying process structure that is hierarchical. Adoption (or
renaming) of processes is not allowed, but independent jobs may be created with execution not
contingent upon the termination status of the creating process. Process trees persist in the
model, even after termination, and remain subordinate to the user’s node. This allows delayed
access to process results. Spawned dependent processes inherit an "environment” of relation-
ships from the parent process. Inherited are: relationships to standard and current input, out-
put, and error file nodes, relationships to user and device nodes, access control relationships, and
current job, user and node relationships.

CAIS process management facilities include calls to spawn a process that executes con-
currently with the caller, to invoke a process that completes before the caller proceeds, to create
a new job (root) process with independent execution, to suspend and resume named processes,
and to wait for an arbitrary process to enter a terminated or aborted state.

3.4.3. Implications for the Tool Writer

A major difference between the CAIS and UNIX is in the information inherited upon pro-
cess spawning. A UNIX child process inherits the entire environment of its parent. A CAIS
child process inherits only a subset of the relationships and attributes of its parent. The tool
writer will have to explicitly copy other attributes and relations to the new process node. The
tradeoff is one of greater effort versus greater control by the tool writer. The ability to wait for
arbitrary processes (not just child processes) to reach termination in the CAIS should be useful
to the tool writer. The need for UNIX-style adoption should be obviated by the CAIS facility
for creating independently running jobs under a user node. However, an important issue is the
overhead entailed by retaining CAIS process trees for terminated or aborted processes. The
tool-writer will have to explicitly manage the destruction of trees of terminated processes.
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3.5. Interprocess Communication

The principal issues for interprocess communication is what the modes of communication
available to the tool writer are, and what facilities or conventions there are for communicating
arguments. Table 5 of the Appendix contrasts UNIX and CAIS facilities for interprocess com-
munication.

3.5.1. UNIX Facilities for Interprocess Communication

UNIX mechanisms for interprocess communication are: signals, pipes, and sockets.
Processes can communicate directly through socket and pipe interfaces, and can asynchronously
signal each other. The UNIX sockets abstraction is a generalization of pipes, and subsumes
them. A socket is a port at which a process may establish a connection and send or receive
messages. The pipe and socketpair calls allow creation of connected ports between processes
that are hierarchically related. Additionally, UNIX sockets provide facilities for explicit control
over network communication. The UNIX argv convention for parameter passing to tools per-
mits uniform handling of process arguments.

3.5.2. CAIS Facilities for Interprocess Communication

Interprocess communication is supported in the CAIS through "queue” file nodes that are
similar to UNIX pipes. However, instead of communicating at a socket or port, the queue file
node is opened, then read or written. There is no restriction that processes communicating
through a particular queue file node be from the same process tree or in any other relationship.
Copy and Mimic queues can be created that are initialized from or echoed by file nodes expli-
citly coupled with them. Signals are not supported in the CAIS. Explicit support for process
management and interprocess communication across multiple hosts is deferred in the CAIS;
thus, there are no explicit facilities for networking. There is also no established convention for
argument passing in the CAIS.

3.5.3. Implications for the Tool Writer

The importance of asynchronous signaling to the tool writer in managing notification of
processes of external or severe error conditions seems critical. The lack of this mode of interpro-
cess communication in the CAIS appears to be a serious drawback. The fifo (UNIX socket and
CAIS queue) communication modes both seem adequate for general tool-tool communication for
processes running on the same processor. The additional linkages to files in the CAIS will be
useful for some tools (e.g. for logging). Distribution is an important issue, though a deferred one
in the CAIS. It remains to be seen how far transparent distribution of the CAIS on a hetero-
geneous network (under the present interface) will be possible and what additional control inter-
faces may be needed by toolsmiths. Finally, a uniform convention for access to arguments by
processes is needed by tool writers; it might be incorporated into the interface set or provided as
a separate standard.

3.8. Error Detection, Recovery and Diagnosis

The issues for error handling mechanisms are: how well they support detection, how exact
the possible diagnosis is, and what support is available for recovery.

3.6.1. UNIX Error Handling

UNIX interfaces support error detection, diagnosis, and recovery through two mechanisms.
Most system calls have one or more error returns. An error condition is indicated by an other-
wise impossible return value (usually -1). A process must explicitly test the value to detect an
error. Typically the only information returned is that something went wrong. The external
variable “errno” provides more detailed information. In other cases, particularly for fatal
errors, signals are used to interrupt the calling process.



-283-

3.6.2. CAIS Error Handling

Because the CAIS interface is an Ada language interface, error handling in the CAIS fol-
lows the Ada exception paradigm. Detection of an error causes a CAIS exception to be raised.
[t is the responsibility of the tool builder to provide handlers for the CAIS exceptions that may
be raised by a CAIS operation. An exception that is not handled in any scope will cause the
program to abort. The Ada exception model is a termination model, and exceptions are not
values. Exception handlers are not parameterized. The CAIS exceptions are not very fine-
grained, making diagnosis difficult. This is an area of the CAIS that is under review,

3.6.3. Implications for the Tool Writer

The CAIS error handling model, being more consistent with the Ada model, will probably
prove easier to use. It also offers more services for detection and recovery than the error value
approach. The present granularity of the CAIS error exception offers less support for diagnosis
than do the UNIX "errno” values. A major concern is the criticality of software interrupts for
managing multiple-process tools under severe error conditions.

8.7. Clock and Timer Management

The issue is whether a common “time" capability will be required by tool writers and what
features are needed. Table 6 of the Appendix contrasts UNIX and CAIS time facilities.

3.7.1. UNIX Time Services

UNIX system calls are provided to set and retrieve values from an interval timer and from
the system clock.

3.7.2. CAIS Time Services

The CAIS does not include interfaces for clock or timer support. Predefined attributes of
process nodes, Start_Time, Finish_Time, and Machine_Time, are maintained by the CAIS imple-
mentation and are implementation dependent.

3.7.3. Implications for Tool Writers

Time abstractions are common in configuration management tools, DBMS managers, and
“daemon" processes, among others. Portability of these tools across APSEs is compromised in
the absence of a common time mechanism.

3.8. Resource Control and Accounting

The issue is whether uniformity in resource management across APSEs is an important
tool portability question and what the appropriate resource abstractions should be. Table 7 of
the Appendix contrasts UNIX and CAIS resource management facilities.

3.8.1. UNIX Resource Management

UNIX provides resource accounting and a quota mechanism for certain resources. The
CAIS includes only minimal support for accounting, specifically, predefined file and process attri-
butes that may be used by an implementation to record file size, [/O transactions, and process
times.

3.8.2. CAIS Resource Management

There are few CAIS calls for resource management. Predefined attributes Start_Time,
Finish_Time, and Machine_Time of CAIS process nodes can be used in resource management.
User attributes and relations could be used for resource control facilities built on top of the
CAIS.
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3.8.3. Implications for the Tool Writer

Resource management for tool development environments is closely related to the question
of project management. [t may be more appropriate from the APSE point of view to provide
the resource control mechanisms in that context, above the level of system calls.

3.9. System Administration

The issue is whether system administration functions are needed by APSE tool writers.
Table 8 of the Appendix contrasts UNIX and the CAIS with respect to system administration
facilities.

3.9.1. UNIX Systern Administration

UNIX provides system calls that allow rebooting of the system, mounting and unmounting
of file systems by a system administrator. It also provides interfaces through which the user can
access system parameters, such as system page size. A special user id is designated as the
“superuser” with unrestricted access rights to system objects.

3.9.2. CAIS System Administration

The CAIS does not include a concept of "CAIS reboot” and does not provide for mountable
file systems. Implementation pragmatics, defining minimum support parameters an implementa-
tion must provide are specified, but system calls for values characteristic of the underlying
implementation are not provided in the CAIS. There is no explicit CAIS "superuser” concept,
but a "superuser” access control role could be provided in an implementation.

3.9.3. Implications for Tool Writers

The CAIS explicitly states that certain functions, such as addition of users, are outside the
CAIS. This identifies certain aspects of system administration as being outside the purview of
the tool writer and not to be included in an interface set for tool support. It is not likely that
the omission of these features from the CAIS will impact the capabilities needed for construction

of APSE tools.

4. SUMMARY

Although there are large areas of correspondence, UNIX and the CAIS provide differing
support to the tool builder in each of the areas of file system structures, input/output and dev-
ice control, process management, error detection, recovery and diagnosis, access control and syn-
chronization, interprocess communication and networking, time facilities, resource control, and
system administration. UNIX appears to provide generally more complete support for
input/output and device control, for network communication, for resource control, and for sys-
tem administration. The CAIS supports more general file system structures, is more consistent
(though perhaps more limited) in its error handling model, and offers greater support for access
synchronization and control. Process management is better supported by UNIX in some
respects, (particularly interprocess communication), and in others (process structuring) by the
CAIS.

Bevond the technical comparison given, there are additional issues which will affect the
usefulness of the CAIS or any other standard operating system interface. The early and con-
tinuing success of UNIX has been promoted by the collection of tools distributed with the
operating system. The CAIS has no such tool set. However, collections of Ada tools are being
assembled. Our experience so far indicates that hosting existing Ada tools on the CAIS is not
difficult. As new tools that exploit the capabilities of the CAIS are built, a more complete
evaluation will become possible.
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APPENDIX
Table 1. File System Facilities
BSD 4.2 CAIS Comments
close Node_Management.Close BSD: delete a (file) descriptor. CAIS:
delete node handle.
creat Text_[O.Create, BSD: create a new file. CAIS: file,
Direct_lo.Create, structural, and process nodes are
Sequential_lo.Create, created by corresponding packages.
Structural_Nodes.Create,
Process_Control.Spawn_Process,
Process_Control.Invoke_Process,
Process_Control.Create_Job
link Node_Management.Link BSD: make a hard link to a file. CAIS:
creates a secondary relationship to a
node.
mkdir Structural_Nodes.Create_Node |BSD: make a directory file. CAIS:
create a structural node.
mknod Text_lo.Create BSD: make a special file. CAIS: create

Sequential_lo.Create

a queue file node for interprocess com-
munication; device nodes are added
through a mechanism outside the CAIS.
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Table 1. File System Facilities (Continued)

BSD 4.2 CAIS Comments
mount, No equivalent BSD: mount or remove file system.
unmount CAIS: there is no concept of a remov-
able file system.
open Node_Management.Open BSD: open a file for reading or writing,
or create a new file. CAIS: open a han-
dle to an existing node to allow access
to its attributes or relationships.
readlink No equivalent BSD: read value of a symbolic link.
CAIS: symbolic links are not supported.
rename Node_Management.Rename BSD: change the name of a file. CAIS:
change the primary (and parent) rela-
tionships of a node.
rmdir Node_Management.Delete_Node | BSD: remove a directory file. CAIS:
delete a (structural) node.
stat, Node_Management.Kind BSD: get file status, get file or symbolic
Istat, attributes: link status, get open file status. CAIS:
fstat Node_Kind, File_Kind, Partially supported through predefined
Queue_Kind, Terminal_Kind | attributes and relationships.
relationship:
Access
symlink Not supported BSD: make symbolic link to a file.
CAIS: symbolic links are not supported.
unlink Node_Management.Unlink BSD: remove directory entry. CAIS:
delete a secondary relationship to a
node.
Table 2. File and Device I/O
BSD 4.2 CAIS Comments
close Text_lo.Close BSD: delete a (file) descriptor. CAIS:
Direct_Jo.Close delete a file handle to a file node.
Sequential_lo.Close
creat Text_lo.Create BSD: create a new file. CAIS: create a
Direct_Io.Create file node and return an open file handle
Sequential_lo.Create to the node.
dup, No equivalent BSD: duplicate a file descriptor. CAIS:
dup?2 management of file handles is not expli-

cit; copying is not permitted.
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Table 2. File and Device [/O (Continued)

BSD 4.2 CAIS Comments
fentl BSD: file descriptor control.

F_DUPFD No equivalent CAIS: no copying of file handles.
F_GETFD No equivalent open file handles are not inherited.
F_SETFD No equivalent open file handles are not inherited.
F_GETFL
F_SETFL

FNDELAY No equivalent no non-blocking [/0.

FAPPEND Append_File mode can append to sequential, text files.

FASYNC End_Of_F'ile function no SIGIO, must test.
F_GETOWN No equivalent no SIGIO uid or gid equivalent.

F_SETOWN

No equivalent

no SIGIO uid or gid equivalent.

fsync

[o_Control.Synchronize

BSD: synchronize a file’s in-core state
with that on disk. CAIS: forces all data
that has been written to the internal
file to be transmitted to the external
file with which it is associated.

getdtablesize

Not supported

BSD: get process’s file descriptor table
size. CAIS: file handle space is imple-

 mentation dependent.

ioctl package Scroll_Terminal BSD: control device. CAIS: separate
package Page_Terminal packages support specific functionality
package Form_Terminal for classes of devices.
package Magnetic_Tape
Iseek Direct_lo.Set_Index BSD: move read or write pointer.
CAIS: read or write position can only
be directly manipulated from Direct_lo.
open Text_lo.Open BSD: open a file for reading or writing,
Direct_lo.Open or create a new file. CAIS: open a file
Sequential_lo.Open node for access to contents. File node is
not automatically created if it does not
exist.
read, Text_lo.Get BSD: read input, scatter read input.
readv Direct_lo.Read CAIS: read file node contents, no
Sequential_lo.Read scatter read, unbuffered terminal I/O
Scroll_Terminal.Get get.
Page_Terminal.Get
Form_Terminal.Get
truncate No equivalent BSD: truncate a file to a specific length.
CAIS: Not supported.
write, Text_lo.Put BSD: write on a file, gather write.
writev Direct_lo.Write CAIS: write file node contents, no

Sequential_lo.Write
Scroll_Terminal.Put
Page_Terminal.Put
Form_Terminal.Put

gather write, unbuffered terminal [/O
put.
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Table 8. Access Synchronization and Control

BSD 4.2

CAIS

Comments !

access

Access_Control.Is_Granted

BSD: determine accessibility of file!
according to mode. CAIS: check for
approved access right.

chmod

Access_Control.Set_Access_Control

BSD: change mode of file. CAIS: create
Access relationship from object node to
role.

chown

Access_Control.Set_Access_Control

BSD: change owner and group of a file.
CAIS: create Access relationships, which
can have Grant attribute value of Con-
trol.

flock

Node_Management.Open

BSD: apply or remove an advisory lock.
CAIS: Intent parameter on Open call is
used for synchronization arbitration;
not advisory.

getgid,
getegid

Create a node iterator over
Adopted_Role relationships

BSD: get group identity, get effective
group identity. CAIS: roles are targets
of Adopted_Role relationships emanat-
ing from process node.

getgroups

No equivalent

BSD: get user’s group access list. CAIS:
no interface for interrogating
Potential_Member relation over all
groups.

getuid,
geteuid

Current_User relationship

BSD: get real user identity, get effective
user identity. CAIS: target node is user
node upon which process tree depends.

setgroups

Potential_Member relation

BSD: (superuser) set group access list of]
current user process. CAIS:
Potential_Member relation from group
structural node to role held by process
governs role adoption.

setregid

Access_Control.Adopt
Access_Control.Unadopt

BSD: set real and effective group id.
CAIS: adopt or unadopt role, with
attendant access rights to objects.

setreuid

No equivalent

BSD: set real and effective user ids.
CAIS: there is no interface to change
the Current_User relationship of a pro-
cess.

umask

Access_Control parameter of
Create subprograms

BSD: set file creation mode mask.
CAIS: default Access_Control parame-

ter for node creation is null.




Table 4. Process Management

BSD 4.2 CAIS Comments
chdir Set_Current_Node BSD: change current working directory.
in package Node_Management CAIS: change Current_Node relation-
ship of current process.

execve No exact equivalent BSD: execute a file. CAIS: CAIS

(Spawn_Process, processes do not change into new
Invoke_Process, processes, but all process creation calls
Create_Job execute a file image.

in package

Process_Management)

_exit No equivalent BSD: terminate a process. CAIS: no
explicit call; termination of Ada main
program sets process state to Ter-
minated.

fork Spawn_Process, BSD: create a new process. CAIS:

[nvoke_Process create new CAIS process node.

in package Spawn_Process is asynchronous (fork);

Process_Management Invoke_Process is synchronous (fork,
wait).

getpgrp Current_Job relation BSD: get process group. CAIS: no pro-
cess  group concept in CAIS;
Current_Job target is root process node
of process tree.

getpid, ":", Parent relationship BSD: get process identification. CAIS:

getppid pathname ":" denotes current process
node; target of Parent relationship is
parent process node.

kill, Suspend_Process, BSD: signals are used to alter process,

killpg Resume_Process, process group status. CAIS: change

Abort_Process status of process and all dependent
in package processes.
Process_Management

profil No equivalent BSD: execution time profile. CAIS: not
supported.

ptrace No equivalent BSD: process trace. CAIS: not sup-
ported.

setpgrp No equivalent BSD: set process group. CAIS: no con-
cept of process group in CAIS.

syscall No equivalent BSD: indirect system call. CAIS: Not
supported.

vfork No equivalent BSD: spawn new process in a virtual
memory efficient way. CAIS: not sup-
ported; an artifact of UNIX memory
management.

vhangup No equivalent BSD: virtually hangup the current con-

trol terminal. CAIS: no provision for
hanging up terminals is made.
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wait,
wait3

Await_Process_Completion
(Invoke_Process) in package
Process_Management

BSD: wait for signal or for child process
to terminate. CAIS: wait for process
associated with node to terminate or
abort.
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Table 5. Interprocess Communication

BSD 4.2 CAIS Comments

accept No equivalent BSD: accept a connection on a socket.
CALIS: no explicit networking facilities.

bind No equivalent BSD: bind a name to a socket. CAIS:
no explicit networking facilities.

connect No equivalent BSD: initiate a connection on a socket.
CAIS: no explicit networking facilities.

dup, Text_lo.Open, BSD: duplicate a descriptor. CAIS:

dup?2 Queue file node management of  descriptors  for
multiple-access queues is not explicit.

gethostid, No equivalent BSD: get unique identifier of current

sethostid host, set unique identifier of current
host. CAIS: no explicit networking
facilities.

gethostname, No equivalent BSD: get name of current host, set

sethostname name of current host. CAIS: no explicit
networking facilities.

getpeername No equivalent BSD: get name of connected peer.
CAIS: no explicit networking facilities.

getsockname No equivalent BSD: get socket name. CAIS: no expli-
cit networking facilities.

getsockopt, No equivalent BSD: get options on sockets, set options

setsockopt on sockets. CAIS: no explicit network-
ing facilities.

kill No equivalent BSD: send signal to a process. CAIS: no
generalized signaling facilities.

killpg No equivalent BSD: send signal to a process group.
CAIS: no generalized signaling facilities.

listen No equivalent BSD: listen for connections on a socket.
CAIS: no explicit networking facilities.

pipe Text_lo.Create BSD: create an interprocess communica-

Sequential_[o.Create tion channel. CAIS: create a file node

‘of File_Kind Queue.

recv, No equivalent BSD: receive a message from a socket.

recvfrom, CAIS: no explicit networking facilities.

recvinsg

select No equivalent BSD: synchronous i/o multiplexing.
CAIS: Not supported.

send, No equivalent BSD: send a message from a socket.

sendto, CAIS: no explicit networking facilities.

sendmsg

shutdown No equivalent BSD: shut down part of a full-duplex
connection. CAIS: no explicit network-
ing facilities.

sigblock No equivalent BSD: block signals specified in mask

from delivery. CAIS: no asynchronous
signaling lacilities.
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Table 5. Interprocess Communication (Continued)

BSD 4.2

CAIS

Comments

sigpause

No equivalent

BSD: atomically release blocked signals
and wait for interrupt. CAIS: no asyn-
chronous signaling facilities.

sigsetmask

No equivalent

BSD: set current signal mask. CAIS: no
asynchronous signaling facilities.

sigstack

No equivalent

BSD: set and/or get signal stack con-
text. CAIS: no asynchronous signaling
facilities.

sigvec

No equivalent

BSD: software signal facilities. CAIS:
no asynchronous signaling facilities.
(Also, Ada has no subprogram vari-
ables, values.)

socket

No equivalent

BSD: create an endpoint for communi-
cation. CAIS: no explicit networking
| facilities.

socketpair

No equivalent

! BSD: create a pair of connected sockets.
 CAIS: no explicit networking facilities.

Table 8. Clock and Timer Management

BSD 4.2

CAIS

Comments

getitimer

No equivalent

BSD: get value of interval timer. CAIS:
duration parameters allow timeout dur-
ing node open; no explicit control of
timer.

gettimeofday

No equivalent

BSD: get date and time. CAIS: no
calendar abstraction provided.

setitimer

Time_Limit

Node_Management.Open

of

BSD: set value of interval timer. CAIS:
duration parameters allow timeout dur-
ing node open; no explicit control of
timer.

settimeofday

No equivalent

BSD: set date and time. CAIS: Not
supported; see gettimeofday.

utimes

No equivalent

BSD: set file times. CAIS: support for
capturing file creation and modification
times is not provided.
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Table 7. Resource Management

BSD 4.2

CAIS

Comments

acct

No equivalent

BSD: (superuser) turn accounting on or
off. CAIS: explicit accounting control is
not supported.

brk, sbrk

No equivalent

BSD: change data segment size. CAIS:
explicit memory management is not
supported.

getpriority

No equivalent

BSD: get program scheduling priority.
CAIS: priority scheduling is not sup-
ported.

getrlimit

No equivalent

BSD: get maximum system resource
consumption.  CAIS: limitation of
resources is not supported.

getrusage

Machine_Time attribute of pro-

cess nodes.

BSD: get information about resource
consumption. CAIS: implementation-
dependent record of process execution
duration; otherwise no support for
resource tracking.

quota

No equivalent

BSD: manipulate user’s disk quotas.
CAIS: limitation of device or object
resources is not supported.

setpriority

No equivalent

BSD: set program scheduling priority.
CAIS: Not supported, see getpriority.

setrlimit

No equivalent

BSD: set maximum system resource con-
sumption. CAIS: Not supported, see
getrlimit.

setquota

No equivalent

BSD: (superuser) enable/disable quotas
on a file system basis. CAIS: Not sup-
ported, see quota.

Table 8. System Administration

BSD 4.2

CAIS

Comments

chroot

No equivalent

BSD: (superuser) change root directory.
CAIS: no interface provided for access
to system level node.

getpagesize

No equivalent

BSD: get system page size. CAIS: no
concept of virtual memory manage-
ment.

reboot

No equivalent

BSD: reboot system or halt processor.
CAIS: no concept of "CAIS reboot."”

swapon

No equivalent

BSD: add a device for interleaved
paging/swapping. CAIS: no concept of
virtual memory management.

sync

No equivalent

BSD: update super-block CAIS: nothing
comparable-- this is an artifact of the
implementation of UNIX [/O.
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1. Introduction

The Common Ada Programming Support
Environment (APSE) Interface Set? (CAIS) is
a set of interfaces, defined in Ada®, which
promote the transportability of software
development tools, and which enhance the
ability to move project development data-
bases between CAIS implementations. These
interfaces support large scale programming
projects, such as are encountered in mission
critical Defense Department computer sys-
tems work.

This paper examines CAIS as it relates to the
System V Interface Definition, sviD (and
UNIX* as a particular implementation of
sviD). The paper begins by exploring why
the cAIs effort exists, its goals, and the
solutions it attempts to achieve which are
not in todays implementations of “vanilla
UNIX”. Next, the paper examines the anti-
cipated user community and why it is
presumed to want CAIS. The functionalities
present in the current version? and the func-
tions left for later versions are identified.
Two means of implementing cails-like func-
tionality on host systems (such as UNIX) are
identified; present implementations of CAIS
are categorized and discussed. Finally, a
comparison is made between CAIS and the
European Portable Common Tool Interface

1. Mr. Fischer is chairman of the KAPSE Interface
Team from Industry and Academia, and
participated in the development of the CAIS.

2. Proposed MIL-STD CAIS, Common Ada
Programming Support Environment Interface Set,
Department of Defense, Ada Joint Program Office,
January 1985.

8. Ada is a registered trademark of the U.S.
Government, Ada Joint Program Office.

4. UNIX is a trademark of AT&T Bell Laboratories.

(PCTE) project, possibly one of the most
ambitious and cals-like UNIX extensions
under way.

2. Goals of CAIS

2.1 Tool Transportability and Interoperabil-
ity

The primary goal of CAIs is to solve a per-
ceived problem in DoD: a lack of tool tran-
sportability and interoperability facilities (1)
among defense system support contractors,
(2) between contractors and the Govern-
ment, and (3) between Government entities
themselves. (The UNIX aficionado might
feel that he has had the answer to these
sorts of problems for years; he must be
reminded, however, that neither the
Government nor its contractors have histori-
cally been big fans of UNIX systems, mostly
because of the inability to support program-
ming in the very large on what were histori-
cally small-sized UNIX systems.)

The Government is expected to spend, this
year, over $13.54 Billion on mission-critical
computer software® (not including business
and accounting applications). At typical
rates of expenditures, over 126,000 software
people work on over 500 defense projects
(supported by many other categories of
non-software labor). Several of the projects
include software deliveries of the tens of
millions of source lines. This code is
expected to be maintained for the lengthy
lifetime of military equipment; thus the abil-
ity to have many teams work on parts of the
job, at differing support sites over the

5. “DoD Computing Activities and Programs, Ten
Year Market Forecast Issues 1985 — 1995,
Electronic Industries Association, October 1985.
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system lifecycle, is important. (Large pro-
jects are often developed by several organi-
zations and maintained by others. This
entails a variety of computers and operating
systems, and moving the project
database/filesystem.)

The caIs itself focuses on the support of
software tools, in development environ-
ments. It is not intended to be a real-time
or applications-supportive system, though
several have suggested that cAls facilities
may apply to non-development applications
too.

The cals currently defines an advanced
filesystem (database), a process model, a
security model, some device control, and
some access synchronization. The difficult
issue of data interoperability is a deferred
item for the cAls authors to tackle.

2.2 Defined in Ada

The caAIs is defined in Ada, and is intended
to support tools written in the Ada language.
Many of its interfaces appear in an Ada
style, using strong typing, overloaded pro-
cedure call selection, and Ada-like packag-
ing. There was no attempt or concern to
support previous languages when CAIS was
first defined; however, current interest in
compatibility with other languages may
influence cAIs implementations to support
prior-generation languages.

2.3 Evolved from APSE Concept

In the late 1970’s, Ada environment
research developed the concept of a
development  environment  architecture
based on a layered model. Called the Ada
Programming Support Environment (APSE),
this model is shown in figure 1.

The corc of the APSE is the Kernel APSE
(KAPSE). It’s purpose was considered novel,
to encapsulate differing host machine and
operating system capabilities into kernels
which all had a common interface to higher
level tools and user programs. The KAPSE
included such general system services as file
management, process control, device con-
trol, and hardware resource control.

Surrounding the KAPSE in the original
models, is the Minimal APSE (MAPSE), a
layer with *“coding” tools such as editors,

compiler

‘\ debugger

KAP.

SE
linker
loader

CAIS interface specs.

Figure 1. APSE Structure

compilers, linkers and command inter-
preters. Current thought focuses more on
the need for an APSE to support the entire
life cycle of software. This extends the sup-
port environment beyond coding tools, with
such facilities as requirements analysis and
design support, test support, management
support, and the like. However, in the ori-
ginal model, these features were considered
project unique tools and relegated to the
APSE layer of the model.

The important contribution of this model is
the idea that a kernel (KAPSE) can be
defined with standardized interfaces so that
low level tools (e.g., language compilers) and
high level tools (e.g., project support and
configuration management) can be indepen-
dent of specific underlying hardware and
host operating system software.

2.4 Influenced by UNIX

CAIs has been strongly influenced by UNIX.
Many defense projects are still hosted on
flat-filesystems, such as IBM's 370 series
operating systems. The CAls designers felt
the need to provide more advanced filesys-
tem support. UNIX was seen as a model for
filesystem ideas and for process control.
Though UNIX was considered more
advanced than many defense project
environments in use, it too was perceived to
have shortcomings in the area of supporting
large projects. This lead to the more gen-
eral node model in CAIS.
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Fitting UNIX-like process concepts into Ada
was not straightforward. Ada implies a
tasking rendezvous model, which permits
only synchronous parallelisms, and then
only when the parallel parts are all compiled
and linked together. UNIX, on the other
hand, permits asynchronous parallelisms,
connected by pipes and other vehicles,
where each process lives in its own address
space and protected from the other.
Resolving these philosophical differences
was not easy.

2.5 Why Ada alone (without CAIS) is not
enough

With the C language, a portion of UNIx (C
library) is required to augment the machine
independent portion of C with sufficient
functions to be useful in an operating
environment. Ada must also be augmented
with functions, at least in the host system
environment, because it too lacks tool sup-
port functions (of the sort provided by
UNIX). Two key features absent from Ada
are the underlying model of the system level
data, and the ability to support dynamic
binding (process control). The cals defines
a node model (file system model) and a
dynamically bound model for multiple
independent programs to inter-react as
processes in real time. CAIS augments Ada
with some of the (library-level) functions
found in UNIX. CaAIs does not define all the
tool interfaces found in UNIX, and it does
not define any accompanying utility pro-
grams, user shells, and the sort of functions
expected of UNIX distributions.

3. Who will use CAIS

The cals will appeal to suppliers, custo-
mers, and projects beset with the
Government’s problems: namely, supporting
multiple teams of software tool users on dif-
ferent host products, over a lengthy
software system lifecycle. It is unlikely to
appeal to developers of strictly single-user
products (such as single-user Personal Com-
puter software), developers of products
which require hardware lock-in in order to
protect their market, or developers of
closed-architecture products who feel ease
of integration of foreign software products
erodes their market position.

3.1 Tools and tool builders

Most tool builders today strive to support a
broad base of customers on a broad class of
hardware. Indeed, the popularity of UNIX
implementations is due to this phenomenon.
CArs carries the UNIX notion of indepen-
dence further, into the Ada domain, and
into a domain of a more sophisticated data-
base capable of supporting programming in
the large. CAIs may initially appeal pri-
marily to Government contractors, and to
tool builders supplying that marketplace.
However, the near equivalence of non-Ada
efforts, such as the European Esprit
Program’s PCTE project, supported by
several SVID implementations for the indus-
trial and commercial (non-Government)
market, lends credence to the need for
CAls-like system functionality.

3.2 Project environments

Large programming environments need
strong configuration management, the abil-
ity to support heterogeneous hosts with the
same tool base, and the need to support
their tool base over a lengthy time period.
During the maintenance of the software, one
is likely to see four or five hardware genera-
tions, and expected reprocurements of sup-
port equipment. CAIs makes Ada tools
independent of hardware and underlying
host OS changes.

4. What’s the Present CAIS

4.1 Node model including processes

UNIX supports its users with a strictly
hierarchical filesystem. For example figure
2 shows a typical user-oriented hierarchy.

Figure 2. User hierarchy of files

Most implementations of UNIX wuse the
directory structure to support users. Figure
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2 shows two users, mary and joe, each with
their independent hierarchy of (files,
independent of the work assignments and
project considerations. For example, joe
has a project directory, with a source direc-
tory for three programs (and presumably
also has binary and test program directories
for the same). Another hypothetical direc-
tory might include documentation. Whether
mary is working on the same project or not,
the files under her control would be in her
own directory hierarchy.

CAIs supports building secondary networks
of relationships, such as project directories
with logical connection paths. Shown as
curved arcs in the following figure, are a set
of links from logical components to an own-
ing project (regardless of which user owns
them). Relationships can cover a number of
logical connections, such as project owner-
ships, project version relationships, and the
like (in a far more complex manner than in
figure 3).

Figure 3. Network of relationships

While present UNIX distributions do not
support non-hierarchical linkages or inter-
filesystem linkages, some SVID extensions,
such as PCTE, provide the same type of sup-
port. In general, the model underlying CAIS
is one of a set of entities (e.g., tools, users,
files) and their interrelationships. These
may be depicted as a directed graph of
nodes and edges, where the nodes represent
file, device, directory, or process objects;
and the edges denote relationships.

A database schema for the node model is
shown in figure 4.

relationship

atiributes
Figure 4. Database schema for CAIS node model

An important attribute of the CAIS is that
processes are part of the node model. (This
is similar to an enhancement to the experi-
mental Eighth Edition of UNIXx which has
processes in the filesystem namespace.)
With processes as named nodes in CAIS, one
can have relationships between processes,
between processes and file/directory nodes,
and between processes and nodes for the
implementation of security access models.

4.2 Terminal and Device control

Cals defines input/output for the nodes
(filesystem), as well as for terminals and
tape devices. Terminals are supported as
character imaging devices at present. CAIS
provides support for three types of termi-
nals: scrolling terminals, page-mode termi-
nals, and forms-mode terminals. Scrolling
terminals are basically teletype-like devices
which have no cursor control. Page termi-
nals have full screen capabilities and are
equivalent to the common ANsI type of ter-
minal (e.g., vt100). Forms terminals display
fixed field menus, and receive changes to
data fields, similar to some of the IBM 327x
style devices.

Only rudimentary device control has been
provided. For tapes, the operations pro-
vided allow the caIs to support file creation
for transport between CAIS host systems.
The interfaces handle labeled and unlabeled
tapes.

4.3 Security Model

CaIs provides two kinds of security access
control: mandatory and discretionary. Man-
datory controls, equivalent to the conven-
tional  hierarchy of  UNCLASSIFIED,
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CONFIDENTIAL, SECRET, and TOP SECRET,
identify the opcrations of rcading, writing,
and reading/writing by a classifying node.
Discretionary controls, equivalent to the
UNIX style of user/group/other
read/write/execute bits, limit the authorized
access of process nodes (ecxecuting pro-
grams) (subjects), to other nodes (e.g., file
nodes) as objects. Unlike UNIX, access is
not controlled by storing a pattern of bits
and maintaining user and group id’s.
Instead certain relationships are defined to
other nodes to determine a node’s role.
Typical operations such as sct-user-id are
replaced by a specific process having secon-
dary rclationships such as onc known as
ADOPTED-ROLE.

5. What’s Not in present CAIS

CAIs does provide many of the cquivalent
functions of svID’s system calls (UNIX
manual chapter two); namely, typical
kernel-level system services. In addition,
somc of the library functions (UNIX manual
chapter three) arc provided.

Cais docs not at present provide a number
of deferred items. These include;

o Database Schecma and Entity Typing
mcthodology. Currently deferred is a
decision whether or not the cals should
cnforce a particular typing mcthodology
and what typcs of cails intcrfaces should
be available to support it. Typing could
range {rom simple schema representation
of allowed rclationships for classes of
node linkages to a comprchensive con-
trol of process access to nodes depend-
ing on rules.

o Distribution. The existing definition of
CAISs is intended to be implementable on
a distributed set of processors, but in a
manner which is transparcnt to CAIS
interfaces.

o Advanced User Interfaces. The current
CcAIs does not provide intcrfaces for the
establishment of windows or bit mapped
displays.

« Inter-tool interfaces. The current CAIS
does not proscribe the formats of data
between tools, nor does it provide any
interoperability data interfaces. The

cquivalent of sviD file formats (UNIX
manual chapter 5) has not been deter-
mined.

o Configuration management and archiv-
ing. The current cAIs interfaces support
tools which implement configuration
management or archiving, but there is no
proscribed underlying model for such
tools to follow. In a sense this is similar
to the current situation with UNIX imple-
mentations, where sites individually
determine tools and procedures to follow
in this regard. There is an effort under
way to expand CAIS to include version
control.

6. How to implement CAIS

There are two ways to provide implementa-
tions of the CAIS: a native implementation
within a kerncl (where the cAIS is or
bccomes part of the host operating system),
or a piggyback implementation on top of a
host operating system or kernel. There are
prototypical examples of both forms of
implementation at present.

6.1 Kernel implementation

The only projcct under way which is in this
catcgory is thc European implementations
of PCTE, as modifications to UNIX System
V.2 (see scction 6.3). The implementations
currently do not support Ada or Ada inter-
faccs; however, the “C” interfaces provided
will be shown to map cleanly into CAIS ser-
vices. A CAIS implementation on top of
PCTE would use Ada library routines, which
translate thc Ada interfaces of cAIs into
underlying PCTE kernel services. This
would not be called piggyback because the
low level services in the kernel provide a
significant portion of the functionality of the
node model, without rclying on superim-
poscd user-state softwarce to implement it.

6.2 Piggyback implementation

A piggyback implementation of the caAIls
might be schematically shown as in figure 5.
When implemented on a UNIX environment,
thc CAIs implementation exists primarily as
uscr-state coding, generally without any
changes to the underlying kernel. Either
sharcd common processes can be used for
the¢ cAls implecmentation or purcly user-
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linked coding. Two firms implementing
CAIS by this technique are Mitre and Gould.

tool tool
pil set set
A B
CAIS

Host Computer System
Host Operating System

Figure 5. Piggyback CAIS implementation
6.3 PCTE

PcTE will be introduced and compared to
CAIS because of two relevant points: it
exists as SVID extensions, and it provides a
significant part of cais functionality in a
kernel-level implementation.

PCTE is both an interface set and a proto-
type implementation.

» As an interface set, PCTE exists as a set
of man pages®, which describe the PCTE
node model, transaction processing
model, distributed processing interfaces,
and user interface primitives (windowing
and locator device support).

o As a prototype implementation, PCTE
exists as a UNIX System V kernel exten-
sion, scheduled for test in 1986. A
second implementation, known as
Emeraude, secks to provide a production
quality version. The PCTE prototype is
part of the EEC Esprit Program, and
Emeraude is a French national project.

An additional implementation of PCTE in
Ada is scheduled to be performed by
Olivetti as a piggyback-styled implemen-
tation intended to be portable on a
variety of hosts and processors.

6.3.1 SVID Extensions

PcTE implements a physically distributed
database of objects, with a logically

6. PCTE, A Basns for a Portable Common Tool
Enwvironment, Functional Specifications, Third
Edition, BULL (France) et al., 1985,

distributed kernel. Figure 6 shows how
three workstations might share a logical dis-
tributed kernel. In this example each works-
tation has some portion of the database
objects physically resident in its own
hardware, under the control of its own local
kernel, but has transparent access to all
other objects of the system-wide (homo-
geneous) database.

In Figure 6, UI represents the User Inter-
face software function of a workstation;
objects represent database files and attri-
butes stored locally on a workstation; and
IKC prot. represents the inter-kernel com-
munications protocol.

L
@D

distributed kernel

distribution

Figure 6. Distributed Kernel and Data Base

PcTE extends svID V.2 in four logical areas.
These are

1. Basic Mechanisms. The basic mechan-
isms’ logical components are execution
primitives, communications primitives,
and inter-process communication
primitives. The execution primitives,
for process and context management,
operate on a transparently distributed
environment of heterogeneous works-
tations. The communication primi-
tives provide the transparent access to
distributed objects (replacing SVID

filesystem primitives). The inter-
process communication primitives
implement piping, messages, and

shared memory on a transparently dis-
tributed environment. One can start a
pipeline, where pipe processes are
physically separated on different
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workstations, and their objects again
on different workstations.

Object Management System (OMS).
The OMS implements  PCTE’s
equivalent of the CAIs node model. It
is an Entity-Relationship model, based
on a schema with typed nodes, attri-
butes, and relationships (but without
type-checking on process usage of oMs
objects). The Schema is partitionable,
so that logical views supportive of user
or project nceds can be implemented,
and control of object relationships can
be regulated. (E.g., an object program
could have a derived-from relationship
to a source program but not a mailbox
file.) The oMs replaces the entire typi-
cal sviID filesystem, providing compati-
ble interfaces so that binary code
capability is rctained for old programs
portcd to the PCTE implementation. It
also adds support for the node model,
relationships and attribute mainte-
nance, and transparent distribution of
objccts.

The PCTE oMs also provides con-
current access synchronization, both
in the form of simple locking and tran-
saction commit/abort support (c.g.,
rollback of object, relationship, and
attribute status to statc prior to com-
mit action if a transaction sequence is
aborted).

Distribution. PCTE supports fully tran-
sparcnt process and object distribu-
tion. It does this with only two primi-
tives in the cntire PCTE definition
which explicitly reference network
nodes (for explicit starting of a process
on a specific workstation in the casc
where several may qualify for ¢cxecut-
ing a certain process).

User Interface. The User Interface
functions of PCTE implement a over-
lapped windowing system, using
mousc-like locator devices, on bit-
mapped terminals. The physical ter-
minal interfaces, in one implementa-
tion, with a User Agcnt function,
which interfaces to applications agents
for each running process. Processes
can cither have an active window on

the screen or be iconized (replaced by
a symbol). The Applications Agent
provides a virtual terminal for the
application, so that user-state programs
need not deal with window manage-
ment.

6.3.2 PCTE and CAIS

PCTE is similar to CAIS in a number of areas:;

The node models are nearly identical.
The relationship models are very similar.

Attributes are handled in a similar
manner, though schema typing in PCTE
causes some practical attribute handling
differences from cAIS implementations
without schema support and attribute
typing.

The Process model can be installed in a
similar way. Though PCTE implements
processes in the manner of System V.2
(e.g., processes are identified by identifi-
cation numbers which are integers),
there is precedence in experimental
implementations of UNIX Eighth Edition
to make Processes part of the filesystem
“name space”. PCTE could cither inherit
the mechanism of that UNIX version, or
it could usc a library routine (outside of
the kernel) to implement processes as
special types of nodes.

Ada tasks, both on pPCTE and on conven-
tional svID  implementations, are
cxpected to be implemented by compiler
libraries which place all linked tasks for
a given Ada program as a single (or set
of) sviD processes. In general, it is
doubtful that separate tasks can be
represented by independent processes;
thus the process modecl of CAIs can be
made to correspond directly to the pro-
cess model of PCTE and SVID.

Finally, Ada implemented I/0 should be
the same on both PCTE and CAIS imple-
mentations, because in order to validate
a given compiler, one must consistently
provide Ada I/O regardless of the
underlying host implementation.

PCTE and CAIS differ in several areas
which are important to notc:
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o PCTE supports a concept of schemas,
subschemas, and the notion of working
schemas. Thesc can be used to restrict
the logical view of objects and to control
relationship and attribute mapping to
objects. Nodes, classes of relationships,
and attributes are typed. PCTE does not,
however, perform any process to object
type checking during execution (there is
debate as to the implementability of pro-
cess to object type checking in real
time).

o PCTE supports transparently distributed
processing on multiple (heterogeneous)
workstations and processors sharing a
Local Area Network.

« PCTE provides binary code compatibility
with UNIX System V.2 tools; programs
which are only obtainable in binary exe-
cutable forms (and cannot be recompiled
or relinked) will operate properly.

« PcTE provides a windowing user inter-
face.

» PCTE provides a sviD-like discretionary
security system, which is different from
the model in cAlIs.

« PCTE has no software provisions for
mandatory security. The certification of
the ScoMp system provides some hope
that a “hardware hack” could be used to
implecment mandatory security for a
PCTE implementation. It is also possible
to usc the view restrictions afforded by
the Schema capabilities to implement
some security functionality.

In general the primitives in PCTE can be
mapped to the primitives in cAls and vice-
versa. Mappings from CAIS to PCTE are
nearly complete, though cais lacks some of
the functionality provided in PCTE. It is
intcresting to note, however, that the differ-
cnces between Ada and svID style impact
the apparent granularity of primitive opera-
tions. For example, let us compare opening
a node handle in the two systems:

The CAIS call to open a node handle speci-

fies a time limit, either a character path-

name or a base node and relationship from

that base node, and an intent specification.

These are one transaction to an Ada program

(though they may represent any number of
low-level operations in an implementation).

The PCTE equivalent requires several kernel
and user library-routine operations: allocat-
ing a current object (e.g.,the node handle),
performing an alarm(time limit), a function,
chrefobj{ ), to make the current object
equivalent to the path to the node, and a pos-
sible lock( ) operation. These separate
operations might be necessary at the “C"
interface level if the “C' user wished to per-
form the same operations as the CAIS Ada
user.

Another visible difference between CAIS
and PCTE is in the handling of errors. With
CAls, the Ada style of exception raising is
used, while with PCTE, the svID style of
error returns is used. Generally most imple-
mentors of Ada compilers map the error
returns of SVID implementations into excep-
tion returns anyway, so this is more a differ-
ence of language usage style than an impor-
tant one. There are a few ambiguities of
error return to exception mappings, but
these arc minor.

Process control primitives differ. For exam-
ple:

In CAIS a single function call is used to
spawn a process.

With PCTE, the equivalent (functionality
would require a start( ) (of the process), a
possible startact( ) (transaction locking primi-
tive), a crobj( ) to create the node model
object representation for the process node, a
number of setattr( ) calls to set the attributes
up for the process, and a possible lock( ) call.
Of course, it is quite likely that a specific
CAIS implementation would break a process
spawning function call down to a number of
subfunctions anyway; however, the user sees
a higher level of abstraction of function call.
(There is debate as to the value of abstrac-
tion granularity in this regard.)

7. Conclusion

This brief report discusses why we¢ have
cAls, how calis might bc and has been
implemented, and how caAls is very close to
the svID cxtensions now being implemented.
The author strongly reccommends SVID as a
means of implementing CAIS.
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Abstract

In this paper we present ash, a command language inter-
preter presently being prototyped for the Unix [2]
operating system. Ash 1incorporates many of the
features of existing shells while exploring new para-
digms made possible through a mapping of the Ada
language onto a shell. The most prominent feature of
ash is the use of Ada-like control structures, much
like the use of C-like control structures in the C
shell. Because the Ada language definition includes
the concepts associated with multi-tasking, however,
the mapping of Ada control structures is more complete
in ash. In addition to its command language, ash is
designed to facilitate productivity by providing a very
flexible interface to the system which is to a large
degree user-definable.

Rather than present an overview of ash which would
entail a rehash of many of the features of existing
shells, we limit our discussion to those features which
represent concepts associated most closely with ash.
Many of these concepts are existing facilities that
have been modified to more closely reflect the Ada phi-
losophy; however, there are several concepts that
reflect the influence of Ada on the Unix environment.

1. Introduction

Traditionally the command language of a particular operating
system consists of a haphazard collection of features that
reflects various aspects of that operating system. Examples
of this are Digital's DCL for their VAX/VMS operating system
and early versions of the Unix Bourne shell. With the
advent of the C shell, the notion of a command interpreter

1. Ada is a trademark of the Department of Defense.
2. Unix is a trademark of AT&T.
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changed somewhat from an operating system-based concept to a
language-based concept. Constructs 1like the "shell func-
tion" of the current Bourne shell and the control structures
of the C shell are easily mapped onto the corresponding C
function assertion and control structures.

The delineation between an operating system-based and
language-based command 1nterpreter is blurred in Unix
because of the strong coupling between Unix and C. The C
language is seldom thought of by users as the language as
defined by Kernighan and Ritchie but rather as that language
with the system and llbrary calls prov1ded in Unix. This
coupllng increases the ease in which Unix is conceptuallzed
This is best illustrated by the remark "If you know C [Unix]
then you know more about Unix [C] than you realize." often
made to users with experience in one but not the other.
What we found really striking was the ease with which C
users could grasp the fundamental concepts of the Unix
shells such that they could begin coding moderately complex
shell scripts after only a few hours of study.

While the strong coupling of Unix and C aids users' concep-
tualization of both, it does not aid those users who have
experience in other languages but not C. These users often
wish to program only at the application level in a language
other than C, but must learn a great deal concerning C 1in
order to effectively use the Unix tools. For this reason we
began the design of a language-based command interpreter for
Unix that was based on a 1language other than C. The
language upon which we chose to base this command inter-
preter was Ada because of its scope and its expected range
of use. 1In the tradition of the C shell (csh) and the Korn

shell (ksh), we termed this command interpreter the Ada
shell (ash).

Ash is designed to offer a cohesive Ada-based Unix shell
which will aid Ada programmers and non-Ada programmers
alike. Ada-like control structures are provided to facili-
tate the use of of the shell. Command line editing is sup-
ported to minimize the number of wasted keystrokes. A fast,

minimal help system is also supported. Good facilities from
other Unix and non-Unix command interpreters have been
incorporated into ash.

2. The Ada Command Language

ACL (Ada Command Language) consists of a collection of con-
trol structures and statements that may be used both batched
and interactively. Similarly to the way in which the C
shell supports a C language syntax, ash features an Ada- like
command syntax. Builtin Ada constructs include:
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:= (assignment)

if <condition> then ... end if

case <variable> is when ... end case

loop ... exit <condition> ... end loop

for <variable> in <first..last> loop ... end loop
while <condition> loop ... end loop

2.1. Assignment

Environment variables may be set using the assignment opera-
tor, much 1like the "=" operator of the Bourne Shell. For
example, to assign a value to the variable TERM, and the
terminal is a vt100, the following ash statement would be
necessary:

TERM := vt1l00

To check a variable's value, it may be echoed by prefacing
the variable with a dollar sign and using the "put" command:

put S$TERM

2.2. The "if" Control Structure

The format of ash's "if" control structure is as follows:

if <condition> then
<command 1>
<command 2>

end if

If the condition is true then "<command 1>" and "<command
2>" (and others if they exist) are executed. An "else"
clause may be included to ~execute other commands if the
"<condition>" is not true.

2.3. The "case" Control Structure

The "case" control structure provides for selective control
similar to the "case" statement of the Bourne shell. The
ash "case" control structure is given below, along with the
Bourne shell "case" statement, to allow their structures to
be compared:
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case <variable> is case <variable> in
when <value 1> => <command 1> <value 1>) <command 1>
<command 2> <command 2>
e o o . o o ;;
when <value 2> => <command 3> <value 2>) <command 3>
e ces 17
end case esac
Ada Shell "case" Bourne Shell "case"
control structure control structure

Each value in the "when" part is compared to the value of
<variable>, and if they match, then the commands after the
n=s" are executed. Variables may be numerical, strings, ox
regular expressions. If a variable's value matches none of
the "when" parts, then no commands are executed except those
which follow an optional "when others" clause.

2.4. The "loop" Control Structure

. The simple "loop" control structure is unconditional, allow-
ing command repetition with an "exit" command for termina-
tion. The "exit" command may specify a condition for exit
and may refer to a loop by its labelled name, which may fol-
low the word "loop". The format of the "loop" control
structure and an example follow.

loop <loop_ name> loop
. test prog > file
exit <loop_name> i := 'cat file'
end loop exit if $i = 2
end loop

2.5. The "for" Control Structure

The "for" control structure is another type of iteration
structure, used for performing a series of commands a
predetermined number of times. The "<first..last>" sequence
may be a range of numbers, a range of filenames in the
current directory (lexicographically ordered), or all
filenames in the current directory:

for <variable> in <first..last> loop

end loop

To find the pattern "inode" within all C source files in the
current directory, the "for" control structure might be used
as follows:
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for i in a.c..x.c loop
put The filename is $i
grep inode $i

end loop

2.6. The "while" Control Structure

The "while" control structure is similar to the "loop" con-
trol structure except that the condition is checked at the
beginning of the loop. Its format and an example follow:

while <condition> loop while i /= 2 loop
con test_prog > file
end loop i :='cat file'
end loop

2.7. The Ash Rendezvous

In Ada, intertask synchronization is achieved by "rendez-
vous" Dbetween a task asserting an "entry" statement and a
task asserting an "accept" statement. Whichever task issues
one of these statements first is queued until the other task
issues the corresponding statement. At this point the body
of the "accept" is executed while the task that issues the
"entry" is queued. After the body of the "accept" has been
executed, execution of both tasks resume again in parallel.
The queueing may be altered by the "select" and "terminate"
statements, which allow conditional and timed "entry" calls.
Intertask communication is achieved through the use of
parameters in conjunction with these statements.

The "accept", "entry", "select", and "terminate" statements
are also wused for intertask synchronization and communica-
tion in ash (note: pipes are also used, in the same format
as in the Bourne and C shells.). Their functions are almost
identical to those of the corresponding Ada statements. The
closest analogy to these statements in present Unix shells
are signals and signal handlers. Note that unlike signals,
ash allows the queueing of an "entry" statement.

In Ada, an interrupt is defined as a low-level "entry" which
may be handled by an "accept". Likewise, in ash a signal
may be caught by an "accept". Because of the nature of Unix
signals, it 1is assumed that all signals act as conditional
"entry" calls. This means that the signal is not queued as
an "entry" but must have an "accept" queued for it.

2.8. Other Constructs

There are many other builtin commands which are a part of
ash, including:
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> abort <process> > terminate
> low > submit <command>
> delay <time> > prompt

The "abort" command results in the termination of a Unix
process. A process may abort any task it has permission to
terminate, including itself. The '"abort" facility is an
instantiation of the "entry" command that sends "SIGKILL"
(9) to the specified process. The "terminate" command logs
the user off the system, while the "submit" command enables
the <command> given as its argument to continue execution
should the user "terminate". The "delay" command is similar
to the C shell "wait" command, in which the user may specify
a specific time for a process to suspend execution. The
"prompt" command is used to define the user's prompt. Using
the assignment command, the user may record the event number
and the date in the prompt. The sequence

prompt := "Ada Shell<\!>[\?]"
will yield the prompt
Ada Shell<3>[Fri Dec 6 20:52:26]

where the event number is within angle brackets and the date
is within square brackets. The date will be updated each
time a carriage return is received.

As has been outlined in the preceding paragraphs, ash embo-
dies much of the control structure used in the Ada language.
Although different from both the Bourne and C shells,
differences in basic structure have been kept to a minimum.
Ada's rich, explicit syntax allows for a more complete map-
ping of the language's constructs to ash control structures.

3. Command Line Editing

3.1. Visual Editing Features

Though the standard command shells are powerful, typing
errors, even at the beginning of a line, are most easily
altered by erasing all chracters back to the erroneous one.
For example, in the command

cpoi -iBev < /dev/rtp,
in which the "oi" of "cpio" should be "io", or

cpio -iBecv < /dev/rtp,

The user must erase all the way back to "cp", then retype
the remainder of the line. The C shell does provide complex
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command line editing, but it is not highly visual in nature.
On the other hand, ash has features which allow the user to
perform interactive command line editing, such as position-
ing at the beginning or ending of a command line without
deleting any characters. Capabilities defined are those
which allow the wuser to go to the beginning or end of a
line; to delete an entire line or from the cursor to the end
of a line; to move forward or backward by character or word
without deleting any existing characters; and to move up and
down lines within control structures.

3.2. Renaming Commands

The C shell possesses an aliasing mechanism to enable the
user to map commands to personal choices; in effect, an
individual may cultivate his own command set. This is also
particularly useful for persons who use many different
operating systems, who may wish to map the Unix command
names to a more familiar operating system's command name
set. For example, a user most familar with the VAX/VMS
operating system may decide to use the following aliases:

alias 'delete! 'rm'
alias 'show system!' 'ps -ef!
alias '‘directory’ '1s!

Ash uses a similar mechanism, the "renames" command, to
assign command synonyms. The following ash statements
correspond to the C shell aliases:

delete renames rm

show systemnm renames ps -ef

directory renames 1s
Also, ash supports shell functions similarly to the System
V.2.2 Bourne Shell, but the syntax is that of Ada.
3.3. History Mechanism

Similar to the C shell, ash uses a history mechanism to
retain a list of a specific number of previous commands and
their corresponding event numbers. The C shell does not
retain a history of control structures, only their first
line. Unlike the C shell, ash's history mechanism is
divided into two parts, the line history (lhistory) and the
command history (chistory). Chistory keeps a list of previ-
ous control structures (the entire structure, not just the
first line), while lhistory retains one-line commands. Each
history list defaults to a length of 24, the number of lines
on a standard character terminal, but may be altered using
an assignment command, i.e., "lhistory := 10" or "chistory
:= 10",
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The user may invoke previously-used commands by referring to
them by number; typlng 138 will invoke "find . -print | cpio
-oBcv > /dev/rtp" in the following lhistory list:

36 vi test.c

37 cc -c -0 test

38 find . -print | cpio -oBcv > /dev/rtp
39 df -t

40 1d -n test.o -o test ~11d

Also, commands may be recalled by typing the unique portlon
of command line, such that !1 (or !1d, or !1d -n, etc.) will
invoke command event 40,

1d -n test.o -o test -11ld.

As with the C shell, the immediately previous command is
invoked with a double exclamation (1. Ash 51mp11f1es the
mechanism which modifies other previous command lines. For
example, if event 38 is to be altered so that the cpio -c
option is removed, then the user may enter !38: The colon
indicates that the command is to be brought back to the com-
mand line but not invoked. Once the command is again on the
command line, it may be easily edited using the command line
editing features discussed previously.

4. The Ash Help Facility

The standard help facility of the Unix system is the "man"
command, which displays the manual pages for the utility in
question. For example, to receive information concerning
the "dd" command, the user must either find the "dd" entry
in the manual or use the "man" utility. 1In this example the
user would type "man dd" and wait for the information to be
displayed. Though an interactive display of the manual
pages 1is extremely useful, drawbacks do exist. Novice Unix
users, especially those that simply wish to use the system
for high-level application development, usually find the
manual pages both terse and difficult. In addition, on many
microprocessor-based systems the interval between the tlme
that the "man" utility is invoked and the information is
displayed is quite long.

Although the "man" utility is extremely useful, a simpler
and quicker utility suffices for the many of the common
problems that users experience. This fa0111ty is 1invoked
with by typing "grok". (Note: the obvious name for this
command, "help", is already used.) The ash help facility
acts as a quCk reference to help solve many of the less
complex problems a user has with Unix utilities. In cases
in which a problem may not be solved using the help
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facility, the manual pages can still be accessed by using
"man“ .

Ash's help command differs from the "man" utility in a

number of other important ways. For example, the "man"
utility has one fixed format for its invocation, "man
[options for output] <command name>". Conversely, the ash's

help is hierarchical in nature, somewhat 1like the current
VMS "HELP" command. If the user types "grok", then he will
be presented with a screen of available topics upon which
help may be received, and the prompt will move to the bottom
of the screen, after the message "Topic?". At this point,
he may type in the name of the topic for which he desires
information. Upon the choice of a topic, information con-
cerning that topic is displayed. If that topic in turn has
any subtopics for which information may be displayed, the
same selection process is followed. At any time, the user
may either enter "quit" to exit help or "return" to backup
one level in the "grok" help hierarchy (except at the top
level, where quit and return will perform the same func-
tion). An example of ash's help mechanism follows, in which
a user desires information concerning the "1s" utility:

Sauron<9>: grok

Available topics for which help may be obtained:

adb dd man QUIT
cc arf nroff RETURN
col ls uname

Enter command: ls

The 1ls utility is used to display the files in
the current directory. Options are:

-a -b ¢ - -d -f -F -g =-i -1 -m
-n -o -p -9 -r -R -s -t -u =-x

QUIT RETURN
Enter option: -1

Displays files in a long format, showing size,
owner, number of links, and time.

If the user types '"grok 1ls", then the screen for "ls"
appears without first showing the top-level of the help
hierarchy. Likewise "grok 1ls -a" may be typed to receive
information concerning that particular 1instance of the
utility's invocation.



-311-

5. Syntactic and Semantic Difficulties of an Ada-Based
Shell

Basing a shell upon any non—lnterpretlve language presents
both “syntactic and semantic inconsistencies. The broader
the scope of the language definition, the more apparent
these 1ncon51sten01es becomne. For example, the lack of
tasklng support in the C language definition allows that
definition to be specified in either the shell or the
operating system. Conversely, tasking support is defined in
the Ada language definition; thus a conflict arises between
the language definition and the operating system definition
of tasking.

These conflicts are intensified by the terseness of common
Unix shells when compared to the Ada syntax. As an example,
the common Unix shell sequences

1s
exec csh

first causes the "1ls" utility to be executed and then causes
the current Unix process to be overlayed with the named
file, then transfers to the entry point of the file image.
The corresponding ash commands take the form of Ada task
specification and is given as

task 1ls
task csh is

pragma EXEC
end csh

While the experienced Ada programmer new to the Unix
environment would be comfortable with this syntax (after
learning the semantics of the EXEC pragma) that programmer
would probably soon grow tired of this lengthy utility invo-
cation. Ash supports both types of invocations. Besides
aiding the programmer durlng the first part of the learning
curve associated with using any new operating system, the
latter syntax should also be quite appropriate for writing
maintainable shell scripts.

An example of the semantic difficulties associated with an
Ada-based shell is the support of the Ada exceptlon mechan-
ism. Initially it would seem as if Unix signals and Ada
exceptions could be mapped one-to-one. Upon closer examina-
tion, however, it is obvious that there are crucial differ-
ences between the two. In addition, there is the possible
mapping of a signal to a low-level entry call. Ash allows
both; unfortunately, neither conforms to the exact Ada
definition.
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6. Ash Status

Ash is still in the prototype stage, with 1limited in-house
distribution. Acceptance of ash has been greatly facili-
tated by the command-line editing and novel history mechan-
isms which are not present in the shells currently in use at
NCR Columbia (the System V.2.2 Bourne shell and the C
shell). The Ada command syntax has proven to be somewhat of
a hinderance in ash usage because of the relative inexperi-
ence that exists programming in Ada.

Due to the inavailability of Ada on our target machine, "c"
has been used as our development language. Given the state
of Ada compiler development, we do not foresee changing this
language base for some time. Lex and Yacc are used for
input tokenizing and parsing, respectively. Terminal
independence is attained with Unix "terminfo" and "termcap"
library routines for character input and output.

Code size is not yet a consideration at this stage of
development; currently the total size of text, data, and bss
is approximately 60K on the MC68020-based NCR Tower 32.
Performance 1is quite good on all of the machines upon which
ash has been tested: from 10MHz MC68010 to 16.7 MHz
MC68020-based machines.

7. Conclusion

Unlike past operating systems, the Unix command interpreter
is an application program and can be interchanged with other
application programs. This is an extremely powerful feature
that has yet to be fully exploited. ~Much like syntax-
directed editors and language-sensitive debuggers, the shell
can  be constructed to reflect a particular language. This
could later be integrated with other language-specific com-
ponents of a system to provide a cohesive and comprehensive
environment. Language-based shell design, while not a pana-
cea, is an important step in the direction of language-based
environments on general-purpose operating systems.

In this brief overview of ash, we have highlighted the
impact that the Ada language has on shell design and on the
Unix environment in general. In addition, we have demon-
strated several features that, while not specific to Ada,
are still fundamental to the operation of ash. While the
feature content of no system and language can be expected to
map one-to-one, the functionality of Ada maps remarkably
well with the functionality of Unix.
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Implementing Curses in Adas)
Karl A. Nyberg
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Abstract: Prototype Ada packages and associated programs are described that can be used in the
management of terminal capability databases and in the development of terminal-independent display
software in Ada. These packages and programs are intended to provide the capabilities similar to the
UNIX™ terminfo utilities and curses libraries for the Ada programmer, and are intended to be sufficiently
general as to be easily ported to other operating systems.

1. History
1.1. Termecap

Termcap (terminal capabilities) consists of a database describing the various capabilities of
display terminals and a collection of routines for accessing those capabilities. It was originally
developed at the University of California at Berkeley by Bill Joy while developing the screen editor vi
(1) [Joyl]. The display routines were reverse engineered from the pseudo-terminal display features of
the ITS operating system [Joy2]. Those routines particularly directed toward the optimization of cursor
movement were packaged up by Ken Arnold and provided as a separate library, known as curses (3X)
[Arnold], for use in other display oriented applications.

1.2. Terminfo

Like termcap, terminfo (terminal information) consists of both a database describing capabilities
of terminals and a collection of routines for accessing those capabilities. It was developed by Pavel
Curtis at Cornell University based upon termcap, but with additional features used (such as
insert/delete line) [Curtisl), and optimization of execution time provided by compiling the capabilities
database. A curses library utilizing the terminfo database and routines was also developed [Curtis2].

2. Ada Implementation

The Ada implementation consists of two parts - a compiler for the capabilities database and a
package for accessing those capabilities from their compiled form. Each of these two parts is described
in the following sections.

2.1. Capability Compilation

The concepts used in the implementation of terminfo were followed in the Ada implementation. A
database is maintained that contains descriptions of terminals in a human-readable format. For each
terminal in use on a particular system, that terminal’s description is compiled into a separate file.

Ada is a registered trademark of the U. S. Government (Ada Joint Program Office).
Verdix is a trademark of Verdix Corporation.
UNIX is a trademark of AT&T Information Systems.

* The terminfo/curses database and routines have been taken over and supported by AT&T [nformation Systems in the la-
test release of UNIX, System V. The work reported herein 1s based upon the public domain version.
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2.1.1. Format of the Capabilities Database

The termcap database was used as the source for terminal descriptions, and the term (5) format of
the compiled term file was used for runtime execution. The reason for using the termcap database was
one of availability. The runtime benefits of having a compiled database for accessing capabilities were
sufficient to decide to compile the database. Since terminfo had a structure for compiled databases, it
was decided to use that format in order to allow compatibility.

2.1.2. Type Capabilities - package caps

The capabilities list from which all software described herein was developed consists of the three
capability types - booleans, integer, and strings. These capabilities are contained in a file (see example
below), which is processed by tools to create the capability compiler and the type definitions for the
capabilities.

--- begin bool

auto_left_margin, "bw”  “"bw”  cubl wraps from column O to last column
hard_cursor, "chts” "HC" Cursor is hard to see.

--- end bool

--- begin num

columns, "cols” "co” Number of columns in a line
label_width, “lw" “lw # cols in each label

--- end num

--- begin str

back_tab, "cbt”  “bt” Back tab

set_right_margin, “smgr* “MR" Set soft right margin

--- end str

Once processed, the capabilities list results in a package consisting of an enumerated type, capabilities,
with subtypes boolean_capabilities, integer_capabilities, and string_capabilities. An example of
part of the resulting package appears as:

PACKAGE caps IS

TYPE capabilities IS (auto_left_margin, ..., set_right_margin)

SUBTYPE boolean_capabilities 1S capabilities RANGE auto_left_margin .. hard_cursor;
SUBTYPE integer_capabilities IS capabiliies RANGE columns .. label_width;
SUBTYPE string_capabilities IS capabilities RANGE back_tab .. set_right_margin;

END caps;
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2.2. Terminal Description Compilation

Once the capabilities list has been compiled, the tools for compiling terminal descriptions are
generated. Data structures for storage and accessing the information with the following types and
variables is used in the compilation of the terminal descriptions:

TYPE arg IS ACCESS STRING;

TYPE boolean_array IS ARRAY (boolean capabilities) OF BOOLEAN;
TYPE integer_array IS ARRAY (integer_capabilities) OF INTEGER,;
TYPE string_array IS ARRAY (string_capabilities) OF arg:

booleans : boolean_array := (OTHERS ="+ FALSE):
integers  :integer_array := (OTHERS = - -1);
strings : string_array := (OTHERS = - NULL);

An Ada package and set of routines developed for accessing terminal capabilities in a manner
similar to that of the C termcap library is used to read in the capabilities, and produce the compiled
terminal description.

2.3. Accessing a Terminal's Capabilities - package terminfo

The Ada package terminfo provides the same interface for the Ada programmer as the terminfo
library provides for the C programmer with the following exceptions: setupterm works for only a single
terminal at the moment - the current /dev/tty attached to the process, and tputs does not allow the
definition of a routine to output a single character.

2.3.1. Available Procedures

The procedures available in the current implementation of terminfo are the procedures tread and
tparm. The procedure tread takes as a single argument a string of the name of the terminal to be
used. The environment will be searched for a variable TERMDIR from which to obtain terminal
descriptions, and if not available, the directory /usr/term will be searched. The error NO_ENTRY will
be raised if there is no compiled entry for the terminal string provided. The procedure tparm
instantiates a particular format string and up to five parameters returning the instantiated string. All
terminal capabilities are available through the variables as described above in capabilities compilation.

2.4. Curses Implementation - package curses

The Ada package curses provides essentially the same interface for the Ada programmer as the
curses library provides for the C programmer. Since Ada allows default values for parameters, it was
not possible to use default values for parameters ( e.g., what was previously the macro addch (ch) and
the procedure waddch (win, ch) are now the procedure waddch (ch : character; win : window := stdscr))
to reduce the actual number of procedures involved by almost half. In the initial implementation, the
procedures for getting and putting formatted data from and to the screen (scanw and printw) have
also been left out.
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2.4.1. Data Structures

The major data structure used in the implementation of curses is that of a window. In the Ada
version a window is similar to the C structure described both in Appendix B of {Arnold] and in the
terminfo curses implementation.

TYPE screen_data IS ARRAY (NATURAL RANGE <>, NATURAL RANGE <)
OF CHARACTER,;

TYPE first_last_record IS

RECORD
first, last : INTEGER;
END RECORD;

TYPE first_last_data IS ARRAY (NATURAL RANGE -Z>) OF first_last_record;
TYPE num_changed IS ARRAY (NATURAL RANGE <) OF NATURAL;

TYPE real_window (firstx, firsty, lasix, lasty : NATURAL) IS
RECORD
minx : NATURAL := firstx;
miny : NATURAL := firsty;
maxx : NATURAL := lastx;
maxy : NATURAL := lasty;
curx : NATURAL := firstx;
cury : NATURAL := firsty;
data : screen_data (firstx .. lastx, firsty .. lasty)
:= (OTHERS => (OTHERS =>"");
fl : first_last_data (firstx .. lastx)
:= (OTHERS => (nochange, nochange));
nc : num_changed (firstx .. lastx)
= (OTHERS => 0);
clear : BOOLEAN;
leave : BOOLEAN := FALSE;
scroll : BOOLEAN := FALSE;
flags : NATURAL = 0;
END RECORD;

Two major differences between the C implementation and the Ada implementation are evidenced here.
First, the array of characters being used to store the information for the screen is now indexed as with
the row index being the x axis, and the column index being the y axis. Second, the array indicies are
now no longer zero based, but based according to the declaration of the minimum and maximum
window sizes. This has the benefit that offsets into the array no longer need be computed with each
reference, but also precludes the ability to move the window to a different set of coordinates.

2.4.2. Available Procedures

There are two types of procedures available to the programmer in curses - those which interface to
the operating system for facilities such as setting the terminal driver characteristics, and those which
deal with the various displays. The procedures for interfacing to the operating system are currently
implemented as calls to corresponding C procedures through the PRAGMA INTERFACE.

By making stdscr the last parameter of a several procedures, the quantity of procedures has been
essentially cut in half. Of the remaining procedures, the only really interesting procedure is the refresh
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procedure. The current refresh procedure is implemented using the basic redisplay algorithm presented
in Finseth]. As the remaining procedures become developed and debugged, the more advanced
algorithm will be employed.

3. Results

3.1. Applications

The curses package is in use in three programs at the moment - a Towers of Hanoi example, a
program to display certain mathematical functions, and a reimplementation of a visual text editor.

3.2. Difficulties Encountered

One of the first stumbling blocks encountered was obtaining a suitable database of terminal
capabilities from which to compile. Although it was clear that the terminfo concept of a compiled
database would be preferable, the difficulty of obtaining an up to date version of the terminfo data and
the immediate availability of an acceptable termcap database resulted in the decision to take the
hybrid approach.

Originally it had been hoped to use the capabilities themselves as elements of the enumerated type
in the Ada implementation. However two hurdles presented themselves in this area. First, some of the
capabilities are the same when capitalization is ignored (as it is in Ada), and second, some of the
capability names were themselves already reserved words in Ada (e.g., in and if). Since the capabilities
list comes with a list of programming names (in addition to the terminfo and termcap designated
capabilities), it was possible to use these without any difficulty.

Since Ada is intended to be more independent of the underlying operating system than other
languages, it was also more difficult to access the operating system for the services necessary for setting
the terminal modes. It was possible to write routines in C that performed the necessary actions, which
were called from Ada via the PRAGMA INTERFACE construct in Ada.

3.3. Applicability of Ada

Although there was increased difficulty in using Ada to interface to the operating system, in other
respects it was as good or better than C in this application. Where C had macros, Ada has default
values for parameters. One particularly bright spot in Ada was memory management. The underlying
details of memory allocation and deallocation were hidden from the programmer and no unnecessary
attention to detail was required, whereas the C implementation required significant attention to the
proper allocation of data space through malloc.

3.4. Future Directions

It has not been possible to develop any metrics for evaluating the relative performance of the Ada
implementation with respect to the C implementation. However, using the profiling options of VA.DSTM,
it has been possible to identify execution bottlenecks in the library, and target their reimplementation
for better performance. The refresh procedure would be an excellent candidate for evaluation of this
form.

VADS is registered trademark of Verdix Corporation
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The new curses system is currently undergoing porting to various other systems, both UNIX (Sun,
Sequent, CCI, Apollo) and non-UNIX (VMS) in order to localize system dependencies, and to investigate
the portability of Ada code. All systems being ported to will still be developed using VADS.

The termcap database allows the specification of delays only at the beginning of a string
capability, while the terminfo database allows delays to be contained anywhere within the capability.
It would be preferable to be able to use the terminfo database because of this increased flexibility.

It would be quite interesting, especially on a multiprocessor system, such as the Sequent Balance
8000, to have a version written that uses tasking, and to observe the performance results.
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BIG FAFER ON UNIX

Fresented by Robert F. Bildeu
of the MacNeal-Schwendler Corroration
(213)2588-9111

USNIX conference 17 Januars 1986
Denver Colorado



The title of this rparer is Big Farer on UNIX. The idea
behind the title is this! if larde scale comruter sustems
can be refered to as bid irony then 2 larde scale softuware
packade can bexrefered to as bid rarer. When I first heard
of this sessienes UNIX on Big Irony I thought that since
MSC/NASTRAN ™Mifis on almost everw machine that is refered to

as Big Iron I wanted to tell about muy exreriences with UNIX
in order to promote an effective comratability between UNIX»
Bid Irony and larde scale endineerindg arplication software,

1 would like to give 3 brief exrlanation of what MSC/
NASTRAN iss talk about some of the #roblems we have
encountered as we rorted our code to some UNIX sustemsy and
discuss how our eroduct looks to the end user.

I What is MSC/NASTRAN?

NASTRAN was oridonalls written in the early 1960s under
NASA funding. After that rroJect was comrleted NASTRAN was
released into the public domain. The MacNeal Schwendler
Corporation took a rublic domain version of NASTRAN» and
enhanced it. We market this improved version as MSC/NASTRAN
and continue to make improvements.

MSC/NASTRAN is a general rurrose structural analusis
srodram. What this means is that if an endineer can tell
our pProdram what a structure (such as an airerlane or 3 car)
looks likes and what forces it will be subJected to (such as
the vibration due to an endine or motor) MSC/NASTRAN can
tell the engineer how the structure will resrond to those
forces.

A simple example is shown in the following three
fidures. A rair of sauare metsl tubes are connected by an
*H* support. The tubes are doing to be twisteds and the
endineer wants to know how this structure will resrond.
MSC/NASTRAN can predict how the structure will resrondy but
it is ur to the endineer to intereret the results. The
first figdure shows the tubes and the suprort as serarate
vieces. The second figure shows the *gtructure® as it is
hefore any forces are arplied, and the third fidgure shouws
the structure as it looks after the forces have been arrlied.
(These plots were dgenerted usind MSC/GRASPy an interactive
pre and ros®processor that we ((MSC)) market.)
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II UNIX related conversion rroblems.

RBefore I discuss the various rroblems that we have
encountered doing ports to UNIX suystemsy there is an
interesting observation that is worth discussing. UNIX was
origonally designed as a tool for doind oreratingd sustem
researchy and is desidgned around interactive scftware
written in C. MSC/NASTRAN is! an arrlication Frodramy not a
rart of an oreratindg sustems a batch prodrams not
interactive (matrix aldebra does not lend itself to
interactive rrocessingd!)3 a FORTRAN prodramy» not a C #rodram.

With all of these differences it would seem that UNIX
and MSC/NASTRAN are not 3 good matchrs but user rressure for

a 'standard® orerating sdystem and arrlication software

available on the machine of their choice seems to have made
MSC/NASTRAN and UNIX epartners.

It is an easy out for me to blame UNIX for the rraoblems
I have encountered durind our portsy it is also easw to
interrret mg comments about UNIX as attacks on UNIX. I do
not intend this to be the case. I am very excited about the
idea of a3 standard oreratindg suystems my comments about UNIX
are intended to roint out the roudh srots between UNIX and
endineering software, It is my hore that» 3s more Products
rort to UNIX based sustems» we can learn from these
experiencesy and that both UNIX and engineerind software will
evolve into forms that are better for the emd user.

There are many ways to ordanize the portindg problems we

have encountered., I will rresent the rroblems in
chronolodical order,

1, Size. MSC/NASTRAN is written in fortransy and consists

of about 2500 subroutines and contains 3 total of about 500,000
source lines. We like to be able to ordanize our source

code so that each subroutine is 3 serarate filey and all the
files are located in the same directory., Some UNIX sustems

can not handle this manw files in a sindle directors. This
makes our maintenance more comrlex.

We have been able to avoid this rroblem bw splitting

our source into 26 subdirectoriess based on the first letter
of the file name» but this is not a3 very desirable solution.

I would likcnt§ see UNIX raise the limit to a much larsger

number.

R
2, Fortran. The size and ade of our code (some routines

were first written twentu usears ado) causes rroblems with
EVERY fortran compiler we have ever used (even IEM’s H

extended enhanced comriler!)., (We are the rathalodical
worst case sour teachers warned gou about!) Manu of the
compiler related sroblems we have encountered are self
inflicted woundss but there are some common #roblems we have
encountered with UNIX fortran comrilers:t



3., Most non-UNIX fortran comeilers rroduce listings
and dive cross references for variables and
subroutine calls., This does rnot arrear to bhe a
standard feature in UNIX. The argument thsat
suchF @ listing can be denerated by serarate
srogram is not valid for us! listinds are a dood
rlace to look for compiler errors (wouw have to
read between the lines» but it is doable)s s
separate eprodram takes this carability away from
me.

b. The prefered landuade in most UNIX systems seems

to be Cs If UNIX is ever do0ind to be a do0o0d
environment for endineerind softwarer we need
3 robust fortran comriler.

3. 0ObJect code. We use obdect libraries to helr manade our
code. It is difficult to maintain our obJect code a3s *.o"
filesy due in part to the restrictions on the number of
files in 3 sindle subdirectord. (It is also not very user
friendly to have to exrplicitly list all files needed to bind

our code.) "Ar® has been suddested as an obJect librarians
but it is simply not dood enoudgh. It is more concerned with

remepberind file namess where as 3an obJect librarian should
be more concerned with entry roints, If two subroutines
with different associated file rnames have the same entry
pointy UNIX will not catch thisé at bind time it is
unpredictable which entry point will become part of the
executable. Obdect librarians should be desidned to work
efficiently with the bindery» I would like to see UNIX come
with a3 true obdJect librarian,

4, Performance. The rerformance of the fortram comrilerss
the obdect librarian (ie ar)» and the binders on UNIX
systems tend to be much slower than their counter rarts on
non-UNIX systems. (The measure of slowness takes into
account the manufactures claim of relative rerformance. For
example if a3 UNIX machine is claimed to be four times as
fast as machine V» odds are that their comeiler» obdect .
librariany and binder will actually run slower than the
.carresronding products on machine V.)

5. Sustem calls. An important rart of our Portind rrocess
involves the use of "low level suystem calls"., There are two
ma3in problems: that we have encountered interfacing with the
orerating suli€en.

)

a. We prefer to be able to call oreratindg sustem
entry points directly from fortran. Most UNIX
systems require us to use a3 C routine to make
these calls., The solution to this is to have our
fortran code call a3 C routine that in turn calls
the orerating sustems. Normally this *bounce call"’
is oks but there are times when this asdverselwy

effects rerformance, I would like to be able to
call the oreratindg system directls from fortran.



b, For 3 variety of reasonss mostls rerformance

relatedy we like to manage our 1/0 3t 8 fairly low
level. We like to srecifuy the buffer locationy
the fille name and a file rositioni we then want
the agperating sustem to do the I/0 directly
betuden that sepecified buffer and the indicated
file/file location. Our code is able to locate
the buffer on what ever bit» buter» wordr» or rade
boundry is reaured’ the code is a3lso able to use

3 transfer size that is right for the I/0 device
beind used. Our exrerience has been that we can
not do I/0 at this level (there is usually 3
sustem buffer that the data must do0 through on its
w3y between disk 3and memorus)s and that there is»
sometimesy a3 buffer rool that is used. MSC/
NASTRAN is set up to do 1/0 at a3 low levels» and
any attempts to restrict our access to this ture
of 1/0» even if the restrictions are "for our own
do00d®r» will have a nedative imract on the
perfarmance of our rroduct. I would like to see
UNIX dive us access to this low level 1I/0y and I
would 3lso like to be able to have more control
over any buffer epool. (If we work todeather the
end performance of MSC/NASTRAN will realls use the
maximum rotential of the hardware.)

4., Debud. The last mador phase of a3 conversion rrodect is
the debud or Quality Assurance cucle., Due to the nature of
our codey the aprroach that works out best for us is to run
a lot of rroblems throudh our code in a batch environment
and check the results. If a3 run crashes we do not want to
re-run it interactivly Just to see where it died» we want to
be able to denerate 3 trace back at the rpoint of the error
(ie 3 divide by zero or 3 sauare root of a ndeative number)y
trap the errors print our own *mini dume® and exit
dracefully (ie clean up our oren files). Some of these runs
take hours to runs and use so much file srace that it is not
sractical to run them durind the das., It is vers imrortant
to us to be able to det trace backs in a3 batch runy and I
-would like to see UNIX make this a standard carabilitu.

Another carability we need is an interactive sumbolic
debudder. The features that the UNIX debudder has are
sufficient» howaver the debugder tends to bod doun with 3

rprogran theBfze of MSC/NASTRAN. A debudder that can realls
handle a larg@s code makes the conversion do much faster,



I11 What does MSC/NASTRAN look like to the end user?

MSC/NASTRAN is a batch rrodramr 3nd in a multirle user
environments backdround is mot the same thing as batch. To
truly det efficient resource usade by MSC/NASTRAN,s there
must be 3 limit to the rnumber aof MSC/NASTRAN runs that are
active at anw one times the priorities must be manaded, and
each run must not be allowed to use the entire machine.

Batch queues are the best waw to det the most throudhrut out
of 3 machine that has MSC/NASTRAN as 3 sidnificant

rercentade of its load. I strondly suddest that UNIX have s
batch queue incorrorated into it.

MSC/NASTRAN uses a3 lot of files! up to 16 data nase

filesy ur to S user defined alternate outrut files» ur to 3
primary input filess and 2 printed outrut files. UNIX has

the feature of being able to rire line filesy but standard
UNIX only can handle one inrut and one outrut file. This
leaves 24 files that must be re-directed some other was, It
would be very nice if UNIX were to expand the rire liney

carability in some wassy to 3llow for more than Just one
input and output file. Our solution workssy but it is not a

simple one for the end user to g0 into and modify if he or
she needs to chande it.

MSC/NASTRAN does 3 lot of I/0. A file transfer size
that is efficient for interactive work is usuallys much too
small for MSC/NASTRAN. An unfortunate desidn in UNIX is .
that the file transfer size seems to be a3 system rarametery
and once set is the same for all files. This is 3 serious
blunder inm UNIX» and if rerformance is at all imrortant then
different files should be able to have different file
transfer sizes., Failure to do this will dive end users
reasons to redect UNIX on rerformance reasons» and epurchase
systems that have better rerformance.,

IV Conclusions.

I am really lookindg forward to workindg with UNIX
systems for a lond time to come. There are some difficult

areas relative to running MSC/NASTRAN on 3 UNIX based system
but these probleas are not unresolvable. Cooreration
between arelication prodrammers and the reorle who set the
UNIX standardii will result in final products that really
solve the needd of the end users. That is our Primary doal?
my primary praduct is software for structural analusisy
MSC/NASTRAN is my current products user friendly rportable
orerating systems is gour srimary Pproducey UNIX is wgour
current froduct. As the needs of the end user chandes so
will the form of our current sroductss) failure to chande as
our end users needs chande will force us out of the market,

and I want to stas in the market for a3 lond time!
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ABSTRACT

The CONVEX C-1, the world’s first affordable supercomputer, uses 4.2 BSD UNIX as its
primary operating system. CONVEX's customers demanded performance and functional-
ity enhancements to bring the operating system software’s functionality to the same level

as that of other supercomputer manufacturers.

This paper details some of the enhancements supported by the CONVEX C-1. Most of
these enhancements are for performance or slight functionality improvements that affect
portability only somewhat. They include: large real and virtual memory, hardware sup-
port for referenced bits, certain ‘“‘real-time” extensions, shared and locked memory,
increased I/O bandwidth and extended features, more thorough accounting and system
management utilities, tools for testing and distributing software, advanced language pro-
cessors, and advanced development tools for those processors.

Introduction

CONVEX’s original implementation
thrust for 4.2 BSD was that of compatibility.
Programs which ran on 4.2 BSD VAX UNIX (and
which did not depend on hardware quirks) were
to run unchanged on the CONVEX UNIX system.
The developers achieved this goal about the time
the CONVEX C-1 was announced as the “world’s
first affordable supercomputer.”

Customers of supercomputer vendors
have demands and expectations for operating sys-

tems which differ from users of minicomputers. -

CONVEX found that I/O performance and vir-
tual memory performance were issues dear to the
heart of supercomputer buyers. In order to
attract even more buyers, CONVEX UNIX now
contains a number of performance improvements
(mostly for I/O and virtual memory) and a lim-
ited set of functional additions — implemented in
a way which encourages compatibility.

The sections below outline the additions
and changes to CONVEX UNIX. These changes
usually came about due to larger physical and
logical memory, higher scalar speed, and most of
all: higher expectations of a computing engine.

Virtual Memory

The CONVEX C-1 solves large
mathematical problems that lend themselves to
vectorization. The primary applications of a C-1
require very large address spaces — often using
dozens of megabytes of physical memory and
more than a hundred megabytes of virtual
memory. The C-1 hardware architectural
improvements provide a more hospitable environ-
ment for 4.2 BSD UNIX than the VAX 780, par-
ticularly for very large processes:

® 4 GB virtual address space (2 GB System, 2
GB User) :

® Up to 128 MB of real memory

¢ 4 KB page size

® Hardware referenced bits

® Non-contiguous 2-level page tables

Increased Page Size

The larger (4 KB) page size of the C-1
demands less overhead in page fault processing
and fewer page faults per process, at the possible
expense of more wasted memory and disk
bandwidth. The “clustering” of 4.2 BSD UNIX
treats multiple virtual pages in the address space



as a single page, in order to gain the advantages
above; the C-1’s larger page size makes clustering
unnecessary. A side effect of the page size choice
is that one cannot create a file system on the C-1
with a block size smaller than 4K.

Hardware Referenced Bits

The C-1 hardware provides hardware
referenced and modified bits for each physical
memory page. Associating these bits with physi-
cal pages instead of page table entries allows a
cleaner implementation of shared memory (see
below.) The C-1 avoids the VAX 780 simulated
reference bits and only “steals’ pages that have
not been been referenced recently. The page-
reclaim algorithms remain unchanged.

CONVEX Page Tables

The CONVEX C-1 architecture supports

hierarchical - page tables. Eight segments °

comprise the virtual address space. Segment
descriptor régisters point to eight first level page
tables, one for each segment. Each first level
page table has 256 entries that may point to a
level two page table. Level two page tables each
have 1024 entries each that point to a 4096 byte

page.

On the C-1, the system occupies the
lower half of the virtual address space (0x0
through Ox7FFFFFFF). Under UNIX, all
processes share the same level one page tables for
these lower four segments. Each process is allo-
cated four level one page tables for the higher
-four segments. The system allocates all four con-
"tiguously (since all four fit in page), although it
need not do so. It allocates level two page tables
from any available free memory page. This
scheme eliminates page table expansion swaps
which were costly in terms of disk bandwidth and
inconvenient when a process was to be locked in
memory.

A surprising number of C programs
erroneously depend on the fact that the address
zero (a NULL pointer) is in user space on a VAX.
In the C-1, reference to address zero generates a
bus error, since location zero is part of the system
space. CONVEX  followed in  other
manufacturer’s footsteps eliminating each of
these dependencies.

The C-1’s vector context includes 8 vec-
tor registers — over 8192 bytes of information.
Saving this context on each process switch can be
very time-consuming. C-1 UNIX exploits the

“vector valid bit” which reflects whether the
current process is the one that ‘‘owns” the vector
registers. All vector operations cause a trap if
executed when the vector valid bit is off. The
operating system then performs the context
switch and resumes execution. When only a
small number of people use the vector registers

concurrently, this scheme provides a real savings
of CPU time.

Even with all these changes and enhance-
ments, CONVEX 4.2 BSD UNIX remains highly
compatible with Berkeley VAX 4.2 BSD UNIX.

Real Time Extensions

Users of real-time processing want deter-
ministic response to processing requests. Ways of
supporting this desire include:

¢ Enhancing process prioritization
® Locking programs and data into memory
® True preemptive scheduling with low latency

CONVEX UNIX provides support for the
first two schemes above. Traditional implemen-
tations of UNIX do not lend themselves to low
latency pre-emptive scheduling since a context
switch cannot occur while the kernel is servicing
a system call.

New Priority Scheme

CONVEX’s priority scheme is a superset
of the scheme of normal 4.2 BSD. Besides ‘the
normal priority values that ranged from -20 to
+20, there are additional priorities which extend
the range to -64 to +64. These new priorities
have special mappings which support both fixed
and ‘“‘variable’ priorities.

Traditional UNIX priorities change as a
process uses or relinquishes CPU and 1/0O
resources. Processes which are ‘“cpu hogs” find
their priority dropping in favor of interactive
processes. ’

The new scheme extends the normal
range of priorities to -32 to +32 — these priorities
operate just as before. The other new priorities
(-64 to -33 and 33 to 64) have special meanings,
though. These priorities map onto the extremi-
ties of the smaller range. The best extended
priority (-64) is not 32 better than the best nor-
mal priority (-32). The priorities from -33 to -64
are fixed: they do not change with CPU and I/O
demands. Fixed priority -33, though, corresponds
to variable priority -16 or so. Likewise, fixed



priority 33 corresponds to variable priority 16 or
so. Some high priority jobs with variable prior-
ity can have higher priority than some fixed
priority jobs (got that?). Some high priority jobs
with fixed priority always have a higher priority
than jobs with variable priority. The scheme
reflects similarly to the other end of the priority
scale.

These new priorities allow programmers
to specify whether their processes should compete
with normal time-sharing or not.

Memory Locking

Real time users do not wish to wait until
their programs or data are paged (or swapped)
into memory. CONVEX UNIX provides both
pre-paging and locking to mitigate this problem.

Two new “magic numbers’ direct ezec to
load a program and its initialized data immedi-
ately; one of them also inhibits both the page
daemon and the swapper from action against the
particular process’s pages.

Shared Memory Extensions

Sophisticated third party packages (e.g.,
databases) require shared memory to support
tightly coupled cooperating processes. CONVEX
shared memory provides a large number (e.g., 32)
of memory regions located between the data and
stack segments. These regions can be shared
among a set of cooperating processes. The shared
memory usually contains data but in this imple-
mentation can also include shared executable
code.

The file system provides the name space
for shared memory (the inode pointer uniquely
determines the name space in implementation).
Three mapping domains (file, swap, and charac-
ter special device) support different kinds of
mapped memory.

‘ When sharing in the file domain, the con-
tents of the mapped file (or a subsegment thereof)
appear in each process’s virtual address space.
Changes (writes) to the space appear in the file
automatically. References to locations beyond
the length of the file may optionally extend the
file. Normal read/write operations can not
proceed concurrently with shared operations on
that file. The kernel swaps and pages the shared
memory directly to the mapped file as system
demands require.

When sharing in the “swap” domain,
there is no permanent final output file; pages are
zero-filled-on-demand and sent to the swap area
for paging or swapping.

The ‘‘character special device’’ domain
currently supports devices that can share memory
directly with a user program (i.e., provide PTE’s
which multiply map physical memory). The
/dev/mem and /dev/kmem devices map segments
of physical/kernel memory into user space using
the dormant d_mmap driver entry point in the
cdevsw table. Future devices could support bit
mapped graphics by sharing the map directly
with user programs.

Input/Output

The Convex Architecture uses tightly
coupled intelligent I/O processors to perform
I/O. These processors are connected through
caches to the C-1 central memory system.

Currently there are two types of 1I/O pro-
cessors. One supports dual Multibuses for con-
necting standard Multibus cards that interface
variety of devices such as disk, tape, and termi-
nal I/O. The other I/O processor type is
intended as a high speed (> 40 MB/s) interface
to specialized interfaces, such as devices for real
time acquisition or very high speed disks.

The I/O processors run a real time execu-
tive that responds to interrupts from either the
C-1 CPU or device controllers. The 1/O proces-
sor can command device controllers to send DMA
data directly into C-1 central memory (through a
cache). The C-1 CPU uses a message based pro-
tocol to pass requests to an I/O processor, which
processes the request and sends a message back to
the CPU that wakes up any processes waiting for
completion.

This architecture removes some of the
load of I/O processing from the C-1 CPU, at a
slight increase in access time to a device (each
request to a device passes through both the CPU
and the I/O processor).

I/O Bandwidth Improvements

Supercomputing applications need I/0
rates of many megabytes per second — the vector
unit is capable computing dot products at dozens
of megabytes per second rate when running at
full speed. Even the improved 4.2 BSD file sys-
tem was not capable of 1/O rates much above 0.3

MB/sec.



CONVEX Unix supports file systems
with block sizes as large as 64 Kbytes, thus
allowing larger contiguous disk transfers (almost
three tracks on an Eagle). Fragment sizes may
still range from 1/8 to 1/1 of the block size; this
wastes some disk space but provides higher disk
bandwidth.

Disk Striping

CONVEX UNIX can map several block
devices into a single logical device. This allows a
filesystem to be split over an arbitrary number of
partitions, with files interleaved across different
physical devices. The system manager can
change the mapping while the system is up (pro-
vided the corresponding file systems are not
mounted). The new system achieves bandwidths
approaching 4.0 MB/sec with four striped disks
and a 64K byte bsize, for example.

Since the stripe device is a logical one
which interfaces to any other block device, CON-
VEX conducted the experiment of mapping two
tape drives into a single logical tape drive (with
twice the bandwidth). In this scheme, sequential
records are alternately written to two physical
tapes. No use has been found for this high speed
application, unfortunately.

The system dynamically adjusts the
amount of filesystem read-ahead based on the
potential bandwidth of the file system (as deter-
mined by the request size and the number of
disks “‘striped” together.) For the highest
bandwidth file systems up to twelve 64K byte
buffers may be requested in anticipation of future
user I/O calls. The C-1 has a very large buffer
cache — typically at least ten percent of the physi-
cal memory or 12M bytes for the largest
configuration (experimental systems have even
bigger buffers).

The vector unit copies data at 20 MB/sec
between kernel and user space. It also clears
pages at a rate of 40 MB/sec for newly allocated
disk blocks and zero-fill pages.

Functional Enhancements

CONVEX UNIX supports asynchronous
1/0 through daemon processes which perform the
I/0 on behalf of the user process. The daemon
and user processes share address space while the
1/O is being performed but can be scheduled
independently. User processes can then continue
while I/O is in progress. The implementation of
shared memory has largely obviated the need for

asynchronous I/O, as a set of cooperating user
processes can easily perform asynchronous I/O.

The new block tape device driver allows
varying physical record sizes, while retaining the
desirable qualities of read ahead, write behind,
and random read access. The physical record size
of a tape is determined automatically for reads
when the first record is read.

System Management Enhancements

CONVEX customers include service
bureaus that run large number-crunching jobs for
which they bill their users. CONVEX customers
are also accustomed to having the kinds of sys-
tem management software they have used in the
past on bigger mainframes. This section details
some of the enhancements to the CONVEX UNIX
system.

Accounting

Some CONVEX jobs run for hundreds of
hours and consume vast amounts of memory.
The fields in /usr/include/sys/acct.h are too
small to support the accuracy necessary to bill
for CPU and kilo-core seconds. Worse, the
“accounting group id’’ is not particularly practi-
cal for some of our customers that have many
programmers who each must bill to hundreds of
accounts.

CONVEX UNIX now contains an addi-
tional ‘‘activity id” field in the proc structure.
This field complements the “group id” field to
form a complete billing account. The ‘“‘group id”
field retains all its old meanings. New system
calls allow the superuser to change a process’s
“group id” and “activity id”’ fields (which means
“group id” and the group id list move to the
proc structure). A setuid program known as bill
verifies a user’s access to an account and changes
his shell process’s accounting fields accordingly.
This scheme has the additional features that the
/etc/group permissions file remains relatively
small and that users billing to one account do not
accidentally access another account’s files.

A modified version of sa coupled with
several scripts enable the reporting of cpu time,
real time, connect time, lines printed, magnetic
tape mounts, disk usage, and other less interest-
ing statistics. Customer programs read the out-
puts of the new utilities and then do the actual
billing. The scripts report their results to files,
mailboxes, notesfiles, and line printers. The disk
accounting scripts even send polite letters to users



who are over quota asking them to please remove
files or get bigger quotas.

System Management

A new program known as “‘syspic’’ con-
tains all the windows from “pic” programs (like
vmptc) posted on the network as well as windows
which display buffered I/O rates, teletype 1/O
rates, network data, disk I/O rates, IOP status,
and tape I/O rates — a total of 30 windows.
Other system management tools include scripts
which regularly produce: daily load average
charts, monthly UUCP traffic, daily bounced mail
reports, system availability plots, disk layout
maps, and a weekly list of modem users. The
ensemble of all these tools enables system
managers to watch the system on both an instan-
taneous and long term basis.

CONVEX customers required far more
sophisticated tape-mount facilities than the
“self-mounting” normally used in so many UNIX
shops. New tpalloc and tpdealloc commands pro-
vide mount queues, set tape drive protection,
communicate with the operator, and log billing
information for tape accesses.

A filter between the line printer spooler
and the printer itself remembers the last few
thousand characters and will happily reprint out-
put in the case of a printer jam.

A batch queue system supports multiple
variable-width queues at dynamic priorities.
Based on a new file, /etc/queuecap, the system
combines the best of the line printer spooler and
the at command to provide a facility that works
well for CONVEX’s customers and internal users.

Tools & Testing

Developers of CONVEX UNIX have
several tools at their disposal which aid in imple-
mentation and distribution of enhanced UNIX
systems. These include: an adb-like debugger for
UNIX as it runs on the CPU, a similar debugger
for the I/O processors, large trace buffers — acces-
sible both from the CPU and I/O processors, a
module control system for releasing software, a
variety of test suites, a system exerciser, a
memory thrashing exerciser, regression test for
system timing, and a hardware performance mon-
itor.

The new debuggers greatly ease isolation
of system problems. The C-1 architecture has a
Service Processor Unit (SPU) which can stop and

restart the central processor (known as the Job
Processor or JP). The SPU supports a debugger
(known as jpd, the job processor debugger) which
can not only examine memory in a running ker-
nel but can also insert and service breakpoints
and single step execution. Similarly, the I/O pro-
cessors (68000 based) have a debugger known as
adb68 which performs the same functions for
IOPs in a running system. This one-two punch
dramatically reduces bug isolation time.

Trace buffers (just like those of
Berkeley’s 4.2) are bigger in CONVEX UNIX (as
much as 8 MB when debugging) and are accessi-
ble from both the JP and the IOPs. This feature
allows very fine grained performance monitoring
for such execution paths as system calls or I/O
processing.

The Module Control System (MCS) is a
front end for the Revision Control System (RCS)
which understands the concepts of ‘“‘release trees”
and “releases”. Files define releases in a tree-
structured fashion. Powerful MCS commands
combined with tree-structured makefiles can
release any version of an operating system, com-
pile it, and release the object files. This
automated front-end reduces errors in distribu-
tion tapes in addition to logging all changes to
the system under module control.

Test suites and regression tests emerge as
very important tools when supporting a large
number of machines in the field. We have pur-
chased suites such as those distributed by AIM
and Perennial. Each new release goes through
extensive regression testing to make sure no new
bugs were introduced. The ‘“system exerciser” is
the ultimate acceptance test for each CONVEX
customer. It contains copies of almost every pro-
gram which has ever broken the system in addi-
tion to diagnostics specifically designed to expose
hidden problems. Load averages over 100 are
common when running the system exerciser.
Similarly, the thrask program attempts to thwart
the memory system’s good intentions by writing
pages — and later verifying their contents - in
devious patterns. Similar nasty programs exist
for each of the language translators (see below).

Finally, a hardware performance analyzer
can count and record all kinds of system data,
notably the program counter, cache hits, and
functional unit status during execution. It sam-
ples every clock tick (10 MHz) and summarizes
its data when an experiment concludes. A small
hook in the kernel allows the performance
analyzer to observe a single user processor during



normal timesharing (with the obvious caveats of
virtual memory performance).

Language Processors

Language processors are the star of
CONVEX’s current software family. The optim-
izing, vectorizing FORTRAN compiler takes
loops such as

do | =1, 100
a(i) =b(i) + cli)
enddo

and transforms them into a simple series of vec-
tor instructions (e.g., vector load b, vector load ¢,
vector add, vector store a). External evaluators
say that CONVEX’s FORTRAN is unsurpassed
in its ability to detect and implement vectoriza-
tion.

A new compiler exploits the same back-
end technology used in the FORTRAN compiler
to implement what is believed to be the world’s
first vectorizing C compiler. Similarly, CONVEX
recently commenced development on vectorized
ADA using the VERDIX company’s ADA front-
end.

Development Tools

An enhanced debugger (csd — the CON-
VEX symbolic debugger) and a host of profilers
complement the language processors. These tools
reduce the amount of programmer time required

to optimize applications under CONVEX UNIX.

The csd debugger is a slightly enhanced
version of the old dbz debugger — but without all
the old bugs! It has all the standard source-
program level data display and debugging state-
ments in addition to new data display statements
for 64-bit integers.

The profilers include the standard prof
and gprof programs in addition to a new block
profiler bprof. The bprof program uses the hooks
required by csd to count entries and exits to all
the “basic blocks” of source programs. This
allows implementors to observe which parts of
their programs are actually executed. This data
aids in debugging and testing (coverage analysis
is now trivial) in addition to optimization (since
the profiles exposes which statements are really
executed).

Some CONVEX customers have nonstan-
dard or exotic peripherals. The V4.0 release of
CONVEX UNIX allows them to write their own
device drivers (both the stub in the kernel and
the code in the I/O Processors). The customer
can use debugging tools to load the IOP from
user space during normal timesharing, communi-
cate with the new I/O driver from user space,
and even do I/O testing without rebooting the
operating system. Once the new driver is tested,
the programmer integrates it with the kernel and
performs a sysgen. Future kernels may allow
tuning of system parameters for greater perfor-
mance.

Conclusion

The CONVEX UNIX system contains a
number of performance and functionality
enhancements. Minimal changes to the kernel
and utilities maintain a high degree of compati-
bility with other UNIX systems.

CONVEX'’s customers are pleased -with
the functionality of their UNIX systems and per-
ceive them to be growing into mature, commer-
cial operating systems.






