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CHAPTER 1

INTRODUCTION

1.0 OVERVIEW

Solo is an operating system that 1is written entirely in
Concurrent Pascal. Application programs are written in
Sequential Pascal and are utilized Ly Solo to support various
functions of an operating system. With a few additional
functions Solo can be expanded to a useful operating systenm.
The following report contains a description of ar
implementation of Solo which allows the user to have access to
the UNIX file system and environment. The UNIY Ver.7
operating system with Berkley 4.1 enhancements 1is currently
running on a 32-bit Interdata 8/32 at the KSU Department of

Computer Science.

1.1 HMOTIVATION

Many people may ask the gqguestion isn't Solo a dying system?
The answer is no because Solo is a powerful erough operating
system to provide most features that a single user miqght need.
Tt is small enougqk so that a person studying operating systems
can understand the whole system in a short amount of time. As
a measure of complexity one can compare Solo with UNIY or CMS
in terms of the number of lines of source code. The OWIX
Kernel is about 7000 - 10,000 lines of C code and CMS is over
100,000 lines of PL/1. The original version of Solo required

approximately 1300 1lines of Concurrent Pascal and small
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Sequential Pascal programs to handle various functions. For
tke person studying operating systems or the system
programmer, Solo has many other features as c¢ited by Brinch

Hansen[BH11] :

(n Less than 4 percent of it (Solo) is written in
machine lanquage. The rest is written in Sequential and

Concurrent Pascal.

{2) In contrast to machine-oriented lanquages, Pascal
does not contain low-level programming features, such as
registers, addresses and interrupts, These are all
hardled by the virtwal machire which executes compiled

pPrograms.

{3) System protection ir actieved largely Ly means of
coepile-time checking of access rights. Run time
checking is minimal and is not supported by hardware

mechanisms.

{1 Solo was the first major exanmple of a
hierarchical concurrent program implemented by means of

abstract data types(classes, monitors and processes).

This small size and added modularity of the Solo system allows
for ease of expansion and modifications, The majority of
expansions can be made using Sequential Pascal programs. New
functions can be added to the Concurrert Pascal section

because of Solo's structure.
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1.2 BACEKGROUND

Solo is implemented as an operating system that runs or top
of the UNIX operating system. In +this way, +the UONIX systen
views Solo as just another user's program executing. This is
conceptually the same as the virtual machine facility (VM) of
IBM which enables each user to view his computing as one
irdependent of other users. This has the effect of allowing
multiple virtual computers to be <created from one real
computer[IB# ]. Figure 1 illustrates the wvirtual machine
environment in which Solo executes. The UNIX operating system
creatazs a virtual machine (VM1 of Figqure 1.0) environment for
running sys+tems and programs. ONIX can be described as a
virtual machine monitor (V#MM1} which provides the virtual
machine with *+hree essential characteristics[PCG1:

(1) The wvirtwal machine moni*or (VMM) ©provides an
environment for programs which is essentially idertical
to the original machine. {2) Programs 7Tun in this
envirorment show at worst only minor decreases in speed.

{3) The VMM is in complete control of system resources.

An operating system can be thought of as a VMM because it
is a control program. Goldbergl PG]1 cites that a control
program consists of +three modules : the dispatcher, the
allocater, and the interpreter. The dispatcher is a top level
control module whose task is to decide which underlyirg module
is dispatched to perform an operation. The second control

modunle, *the allocater, decides what system resources are to be
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provided to the VMs which the VMM controls. In the case of a
single VM, this wmodule's task is to keep the ¥M and VHH
separate. With multiple VMs, its task is to cortrol the use
of system resources. The purpose of the last module, the
interpreter, 1is to simulate any privileged instructions for

the V4.

The Solo operating system — VM1, which runs on top of UNIX,
can be decomposed further in terms of Goldberqg's notation into
VHM2 and VM2. The Concurrent Pascal portion ard the
Sequential Pascal programs form VM2, The Kernel ard BRun-Time
Library form a VMM2 because they handle system reguests from

the programs and map their virtual devices into real devices.

The Concurrent Pascal portion and the Sequential Pascal
programs can be further broken down into VMM3 and VH3. The
Job and I/0 processes form the dispatcher module of VMM3 which
handles requests from Seguertial Pascal progranms. These
requests are +hen passed onto thke other routines +to be
executed. Since there are several processes eXxecuting
concurrently in Solo, the concurrent portion allocates
resources to prevent them from being accessed by processes at
the same time. The interpreting of calls from Sequential
programs is performed to handle privileged commands such as
the execution of another Sequential program or I/0 requests,
Thus, the Sequential programs which run on the Solo operating
system, which in turn utilizes the Kernel and the Run-Time

Library represents a virtual machine which runs on top of the



r~ s
Yo User Io
M3 Program| Pascal|{Program
Program
(Do)
vn2 <
™ 1< cards I1/0 Job I/0 |Printer
Process |Process |Process |Process |Process
“
Rernel
and Run-Time Library
(.
ONIX
Interdata 8/32 Processor
Figura 1.0 Solo Implementation Under the UNIX Operating Systen.

PAGE 5

VMM3

VMK 2

MMl



PAGE ¢

virtual machine monitor (ONIX).

The design of the virtual machine is crucial in determining
the portability of programs written for it. Most early
operating systems provided very rudimertary virtual machkines
for user jobs. These virtual machines performed little more
than a partitioning of +the real machine resources. The
interface presented to the user closely resembled the actual
hardware interface. Indeed, for various reasons many
operating systems still present such interfaces. Some of

these interface dravbacks arel GF]:

(n Software written for these rudimentary virtual
machkines 1is not easily transported to a machine with

different interfaces.

(2) such facilities, though possibly adegquate for
nser jobs, are not directly suited to the implementation
of a hierarchy of one or more operating system modules,
which reguire in addition *the ability to control and

conmunicate with other modules or programs.

Solo overcomes the drawback of low-level commands because it
is written in Concurrent Pascal with its job control lanquage
being Sequential Pascal. ¥ken the transportation is made to
another machine only the lowest level features of the
Concurrent Pascal language must be interfaced. The facilities
for Sequential program communication amnd control are readily

available in Solo because the purpose of it and its Kernel is
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to implement the execution of Sequential progranms,
communicatior between programs, and the interfaces for inpot

and output mechanisms to the underlying system.

The use of an operating system that utilizes modules to
proviie features to +the user has developed an important
concept of hierarchical structuring. If a system is developed
which utilizes hierarchical ordering of systemn components, the
design and testing stages are simplified. Simplification in
the desiqning of new modules exists because the designer does
not kave to know how the lower level structures work, only how
to use them{RP]. As mentioned, the simplification of testing
is a feature of systems in which Lierarchical ordering is
emploved. Proqrams can be tested comporent by component from
the bottom up. In this manner, underlying components can be
assumed +> be functionally correct when testing the components
at the next level. At the bottom of the structure is
components which do not use any other components, while at the
top is those components whick no other components use. Thus,
programming errors within new componenrts can be pinpoirted to
the new additions since the interfaces are well-defined

procedures that have already been tested.

One of +he first operating systems to use the concept of
hierarchical structuring was the RC B000[BH2]. The main goal
of this system was to structure the system nucleus so that
extensions could be added at later times to accommodate the

addition of new modules to the systen. The RC 4000 system
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made nse of the concept of concurrent processes to control the
flow of data through the system. Processes could be in one of
thkree states: (1) ready, in which the process is on a ready
list or queue awaiting its time slice for execution, (2)
waiting or blocked, a state that a process is placed ir when
the process is waiting for an external event or condition, and
(3) running, a state in which the process has the CPU and is

executing.

Process synchronization was accomplished by the use of
monitors. The monitor coordinated events betweer processes
and granted access rights to system variables and devices.
Message passing monitors allowed processes to communicate with
each other. The message passing mechapnism also served as a
basis for process synchronization. A process could be queued
or delayed until it received a message, acted upon it ard sent
a reply to the original sending process releasing it. Dynanic
process creation and deletion was provided so processes could
be created at rum time. Otilizing +this, +they conld be
constituted to perform a function *hen destroyed once the task
was performed. With +this feature the requirement of
extendability of the system was met*, Whenever a new module
needed to be added to the system a new process was created to

perform that particular task.

The use of processes to provide a bhierarchical structure
vas also used in the T.H.E. multiprogramming system{ RM]. E.W.

Dijkstra developed the system to demonstrate the use of
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concurrent processes. Processes compunicated with other
processes by means of system variables that were shared ir a
nutually exclusive fashion by the system's processes. Before
a process could perform an operation on a shared variable the
process had to first test a semaphore to determine the state
of the wvariable. This concept of implementing mutual
exclusion on system variables is the same underlving concepts
that 1is used to implement the monitor facility in Brinch
Hansen's RC 4000 operating system mentiored previously. The
T.F.E. system employed a process hierarchy to control the use
of system devices. At top levels, the hierarchy processes
were only able to perform basic operatiorns orn a device. The
actual interface or operations on the system device was
performed at the lower levels of the systen. The use of a
process hierarchy enhanced the systems ability to protect the
inteqrity of devices. The inteqrity was implemented by only
allowing processes at the top 1levels to perform a 1limited
number of operations on a device and processes at the lower
levels, which interacted with the actual device, were not
limited in the operations they could perfornm. Thus, access
rights could be passed from one 1layer of the hierarchy to
another. The use of virtual devices or protection provided

the illusion of protection.

Brinch Harsen developed the Concurrent Pascal largurage to
provide a facility and an environment for +the development of
concurrernt programs, namely operating systems. It allowed for

features such as process creation and destruction, mutual
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exclusion of system variables, and the ability of programs to
be structured in a hierarchical marner. The resultant product
that he produced has been used as a lanquage for the
implemertation of corcurrent systems. The underlying
structure of systems written in his lanquage was provided by a
Kernel. Since the operating systems produced by the language
vere aimed at being a virtual machines, *the Kerrel concept was
superior to that of using a Monolithic monitor. The reasoning
for this is that the Kernel only handles the interprocess
communication between a user's program and the underlying
systen. Ir contrast the Monolithic monitor performs both the
operation of handling and processing a program's requestsl HD].
Thus, the concept of an abstract machine is preserved in the

use of the Kernel concept for Concurrent Pascal.

Although Concurrent Pascal has beer around for many vears,
its use is still not widespread for system development. Its
primary use has been that of a research tool and a language
for small system development. Some of the reasons for this
are that tke 1lanquage only allows static allocation of
resources and access rights; the language 1is procedure
oriented so the facilities for message passing are not
implemented; and the limited synchronization primitives of *he
language has also been a drawback. Thlese reasons, coupled with
the size limiting restrictions placed on it by using the

Kernel concept, have prevented its widespread usaqge.
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1.3 REPORT ORGANIZATION

The intent of +this project is to reestablish the Solo
operating system and implement extensions on the original
syster +o allow interfaces to +the UNIX environment. The
general background of operating systems and various
implementations has been surveyed in Chapter 1. Chapter 2
provides an insight to the background of the Solo operating
system and its structure. Necessary modifications that were
performed in order to establish a working model of the Solo
system are also described in Chapter 2. In additiorn to this
are the goals and ideas used in the design ard implementation
of the expanded systen. Chapter 3 presents +the actual
implermentation details. Finally, Chapter 4 summarizes the

results of this project and discusses possible enhancements.
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CHAPTER 2

IMPLEMENTATION BACKGROUND

2.0 OVERVIEW OF SO1O

Before going into the implementation details of the Solo

systen, a brief overview of Solo and Concurrent Pascal will

aid the reader. Concurrent Pascal extends Sequential Pascal
with the additional features of concurrent processes,
monitsrs, and classes. A Concurrent Pascal program consists

of a collection of Sequential Pascal prograns called
processes. The processes consist of a data structure and
statemern+ts that operate on it. The program statemerts are
executed s*rictly one at a +ime. These processes may be
executed concurrently. Processes cornunicate and synchronize
with one another by means of sharing variables. These shared
variables are known to +the entire system and have an
associated set of operations tkat can be performed on then.
Message passing is usually done througk buffers which are

shared variables.

A Concurrent Pascal monitor can define a collection of
variables or resources, and the operations that can manipulate
it. The operations that can be performed or the shared
variables are defined as entry points into the monitor. Each

entry point is 1in itself a procedure which performs a
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particular operation on the data structure. Implicit
synchronization occurs because only one process at a time is
allowed *to be executed inside & monitor. Primitives such as

Continue and Delay are used +o explicitly control
synchroniza*ion operations. If a process finds the monitor's
variables are not ir a desired =state, then the process can
block or delay itself until another process later changes the

state of the variables and continues the delayed process.

The last Concurrent Pascal feature +to be reviewed 1is the
class. The class is a normal procedure which performs one
operatiorn. B class can only te initialized once. After
initialization, 1its parame*ers and private variables exist
forevsr. The class can only access its own *emporary and
permanent variables. These variables cancot be accessed by
other processes or monitors. Since a class cannot be passed
as a parame*ter to a process or mornitor, it canrot be called
simultaneously. Thus, the class is declared as a permanent

variable within a system component.

Bll processes, monitors, and classes are represernted as
type declarations. Access rights to instances of types can be
distributed. The type checking of tke compiler is responcsible
for protecting the private variables of one process from that
of arother process. In tha+t, the compiler <checks that the
process only accesses variables that are declared local to it
arnd those that are passed to it. Thus, ir Corcurrert Pascal

the access rights are static, not dynramic.
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The Solo system uses these Concurrent Pascal primitives as

its basis. Monitors are used to limit access rights to the
system disk, operator's console, and other wutilities.
Processes make up the three major parts of Solo. These

processes consist of the Job process, +the Input process, and
tte Output process. The Job process performs the central
processing and uses the Input and Output Processes to perform
I/0 which the job requests. AR sequential program interacts
with the process that executes i+ by mears of entry points or
calls to procedures defined within +the process. These
interface procedures and their parameter types are declared in
the prefix section of the sequential progran. The prefix
enables the compiler to perform type checking of calls to the
operating system., These procedure invocations or requests may
range from reading a page from the disk, writing a line to the
corsole, or invoking another sequential program. Through the
use of the Job process and the other processes the systen

allows multiple events to be happening at the same instant.

Solo facilitates interprocess communication t+hrough
monitors that provide message buffers. The arquments passed
between processes may either be a device name or a fileranme.
Figure 2.0 shows the mechanisms for data flow inside the
systen. Once a process receives an argqument through the ARG
buffers from another process, it sepds back an argqument
indicating whether any errors occurred during the transaction.
These buffers are implemented as monitors to provide a method

of synchronization between processes. Another reason for
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implementing them as monitors is that the informa+tion does not

have to be stored on the disk and thus increases efficiency.

Various Seguential Pascal programs in addition to the
Concurrent Pascal part, make up the Solo system. These
include the Do program, the Io program, tke File program, the
Console program, and various other server prograns. The Do
program is first loaded by the Job process and executed to
irteract with the user's console. The Do program provides the
necessary command parsing and validation of user's irnput.
Once a command has been validated, the Do program passes the
Program's name apnd arquments to the Job process where it is
Tetrieved and executed. The arquments to a proqram can be a
fileranme, devices for input or output, or ary other
conceivable parameter. If the parameter is a device name, for
example, the program can pass it through the ARG buffers and
the program name is executed by one of the Io programs to
perform I/0 for its invoker. Programs may also be invoked by
arother program for example, to store a newly created file
onto +the disk. The Io program is initially loaded and
executed by the I/0O process. This program receives commands
via the ARG buffers and executes requested I/0 programs for

the program that is currently running under the Do progranm.

The File program provides maintainance for the system's
virtual disk. The File progqram may either be invoked from the
terminal or by a program. The user can update or modify files

on the system's disk through arguments such as : Create,
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Replace, Protect, Delete, and Renamne. In Solo, files are
stored as contiguous pages, where each of the pages 1is 512
bytes long. The maximum length of a file is 1limited to 25¢
pages. Files are described by their name, *tvype, protection,
and disk address. 211 of this irformation is contained inr the
disk's catalog which is a special file that resides on the
disk. The file's name may be up to 12 characters in length.
The type field of the file describes the format., The file may
be either scratch, ascii, segcode, or concode. This typing
feature allows the system to check +that executed programs
always have a type of seqcode, and the editing and displaying
functions are restricted to ascii files. once a filename has
been looked up in the catalog (by using a hashing method), the
file may be obtaired by using the disk address as a pointer to
the file's page map. The page map contains the length of the
file and at what disk addresses the 1individual pages are
stored. Figure 2.1 illustrates the £file system and its page

maps.

A program creates a new file by outputtirg data *o a file
called Next. This file is a scratch file with a lenqth of 255
pages. Once it has been created, the File program renames the
file *o its desired name and a new instance of the Wext file
is created on the disk. The file system also has a file which
contains unused disk pages and 1indicates the number of free
disk pages. This file is used to place the file on the disk

anrd to determine if sufficient room exists for the nevw file.
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One of the most commonly used Sequential programs is the
Console progran. I+ can be invoked to provide either input
from the terminal or output to the terminal. The progranm is
usually passed as an argument to a program that requires I/0
from the terminal. As before, the program name (Console) is
passed to the I/0 process and executed by the Io program.
Some of +the other commonly used Sequential programs are the
Printer program, which is invoked to provide outpu* to a print
device for a program; the Edit program, which when supplied
with an input file (or device driver program) and an ontput
file performs editing functioms. The List program, which
depeniing upon 1its invocation can either 1ist the files
cortained ir the catalog or display the entire contents of the
cataloged files, also the Copy program can copy a file from
ore file +to another or to a device. Together with these
Sequential utility programs the Solo operating system is

formed.

2,1 HISTORY OF SOLO AT KSU

Thz following paragraphs describe the evolution and uses of
the Solo operating system at KSU. Entailed are how it was
first wused and for what purposes. Also included are the
various problems +that the single user system presented when

operating on a multiuser systenm.

Solo was first implemented at KSOUO on an Interdata 8/32 mini
computer. The original Brinch Hansen system which consisted

of the Concurrent Pascal compiler, Kernel, Solo operating
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system, and a Sequential Pascal compiler was first used to
proviie an environment for program development. Since the
8/32 offered a crude and low level operating systenm
{0S/32-MTY , the Solo system provided a substarntial improvement
for program development. Both Concurrent and Sequential
Pascal were available in this environmen+, while thev were
previously unavailable. Because of the difference in the
PDP—-11/45 {the original machine om which Solo was implemernted)
being a single user syster and the 8/32 being a multiple user
system, Solo was implemented as a virtual machine. The Solo
system disk was implemented as a virtual disk to recreate the
characteristics of the disk which the PDP implementation
assumed. The Virtual disk was seen as a pormal file to the
8/32 operating system (0S/32-MT). This use of the virtual disk
concept required the Concurrent Pascal EKernel to be rewritten
to provide the necessary 05/32-MT system calls +o hapdle disk
I/0 reguests from the Solo system. In addition to the changes
for disk 1I/0Q, all supervisory functions were changed to use

0S/32-MT system calls.

The use of Solo im this manner cortinued until a Sequential
Pascal Compiler was developed which allowed programs to be
compiled and used outside of the So0olo environment. The
compiler was developed by taking the first seven passes of the
Solo Sequential Compiler and adding a machine code interpreter
for the compiler®s output. This was later modified to
directly produce machine code to improve execution. The use

of the prefix was still used and the routines to implement the
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prefix calls were provided in a Sequential Run-Tipe Librarvy.
Orce the Sequential compiler was implemented, a Concurrent
Pascal compiler was developed. To provide a more user
oriented and modifiable Kernel +the Corcurrent Pascal Kernel
was revritter in a high level language. Marny of the machine
dependent routines, such as set manipulations and external
procedure 1linkage, were moved +o0o a Run-Time Library for
Concurrent programs. the Solo system was discontinued because
reliable Seguential and Concurrent compilers were directly

accessible under the operating system.

2.2 PREESTABLISEMENT OF SOLO

Before the Solo systemr could be modified to provide UNIX
interfaces, a number of modifications had to be performed to
allow the porting of the system to the UNIX environment. Many
of the modifications were reimplementations of Concurrent
Pascal features that were ro longer used when the current
compllers and EKernel were developed. The necessary
modificatiors that were made in the Run-Time Library and

Kernel are summarized as follows -«

{n The attribute and the setheap commands wvere
restored +to provide +theilr respective features for the

Progstack monitor in Solo.

{2) The wait procedure was partially rewritten to
only requeune a process that was calling i+. This differs

from Brinch Hansen's implementatiorn in which a process
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was blocked for 1 second. Since the Kernel is no longer
time multiplexed, +his feature could no*t be totally

reimplemented.

3) The provision for a file to be assigned at run
time which had both read and write access was added to
the Kernel. This was required for the use of the Virtual
disk. Prior to this, only either read or write access

could be assigned to a file assigned at run-tinme.

{H The control operations on the console and disk
Wwere reimplemented to provide the ability to reinitialize
the Solo systen. The method in which this feature was

restored is detailed in Chapter &.

(5) To provide timing 3information the realtine
procedure and attribute were implemented utilizing the
UNIX +*ime procedure in the Kernel. Although thkis
modification does now provide time values, the actual
values returned will vary from one run to another because

of the load on the systen.

The current Solo system differs from the original Brirch
Hansen system[BH1] in various aspects. The methods in which

the differences lie is highlighted in *he subsequent facets :

{(n Since the Interdata 8/32 +treated integers as 32
bit values, the Concurrent Pascal compiler reserved four
bytes of storage for each integer. This required all

irtegers (which were 1€ bit wvalues on the PDP-11/45) used
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in I/0 operations to be typed as shortinteqgers. Irn this
nanner the compiler only reserved two byvytes of storage

for +*+hem instead of four.

(2) Packed record declarations were used instead of
regular record declarations to allow for full word
alignment of record types. This was required on all

record types that were passed during I/0O operations.

3) Because the UNIX operating system 1is 1line
oriented for terminal operations during Solo operation,
the cancelline and cancelchar features of the Typewriter
class vwere removed. These were replaced by the normal

character delete functions of the terminal.

(4) The originmal 0S/32-MT implementation of Sole used
two Virtual disks, one for user programs and the other
for system progranms. This led to sach of the original
Solo disk routines being modified *o check the iodevice
parameter of the ioparam to determire which disk to

4 CCesSSs.

(5) Since allocation of data space for Sequertial
programs 1is not required, +he memory Treservation
declarations of the Job and I/0 processes were commented

out,

{6) Both the Job and I/0 processes include the added
UONIX interface functions. These functions will be

described later in Chapter 4.
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Oonce these modifications were made, the Solo system was
successfully compiled and executed. Before new Sequential
programs could be added to the Solo system, thkey had to be
compiled and relocated using the original Solo Relocator. The
programs had to be compiled with the "-r" option so that the
object code vwould be correctly located ard that the linking
phase of the compilation was not performed. The Relocator
program performed the task of building a memory image file for
the Sequertial programs so that their prefix routines would be
mapped to their respective Job process entry points. Before
tte Relocator program could be used, it had to be modified so
that it would correctly compile anrd execute, The
modifications done were a subset of those made to Solo, such
as the packing of records and declaring integer variables used

in I/0 operations to be shortintegers.

The available Virtual disk did not contain a File proqgranm
for Solo file maintainance. This required the File program to
be copied from one of +he original Solo dist*ribution tapes.
Many of *he same modifications that had to be performed on the
File program were 1like those done for the Relocator program.
Once the File program was compiled and relocated, it had to be
placed on the Vvirtual disk. This required a moderate amount
of work because a method of moving files from UNIX to the Solo
file system had not yet been established. Since an executable
file on the Virtual disk was in the form of object code, an
editor could not be used to move the code. The UNIX file

copving command was used +to copy the File ©program over an
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existing Seqcode file on the Virtual disk. Orce it was
installed on the disk, it was renamed from the original name
of the Seqcode file to the File32 progranm. After the File32
program had been established, the Solo system was able to

function for progqram development.

2.3 IMPLEMENTATIOR GOALS

The use of hierarchical structuring and portability were
the two main design considerations that vwere kept in mind when
implementing the additional functions to the Solo systen.
Because of Solo's structure, the Solo nucleus provides only
basic operations through the prefix to application programs.
The additiorn of new prefix routines, their accomparvirg Job,
and I/0 processes entry points should leave this feature
intact. 1In this manner the Seguential Pascal proqrams perform
the bnlk of the work and invoke the prefix routines orly to

perform a specific task.

If proper structuripg is used in program development, the
result is system portabiliiy. bortabili*y in +he simplest
terms can be defined as the ability +o move or transfer an
object from one place +o0 another with a minimum amount of
work[RP 1. Structured programs promote portability because
application programs written at the hiqgher layers of the
hierarchy have +the ©property of beirg wvirtually machine
independent. This concept also applies to programs written
for the lower layers. If the routines are written +o perform

one specific function, then their porting to another system
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requires only understanding and recoding a small piece of the
system. This idea was used in the desiqgqn of +the operating
syster Kernel for the THOTH system[DC]. The Kernel routines
were kept small +to facilitate porting of the system to other
mackines. An extension of this was used in the Solo EKernel,
for if the Kernel is moved to another machine only the ONIX
irterfaces have to be rewritten. Thus, the device-specific

Kernel routines are very small and simple in function.

Through tke use of structuring and the porting strategies
mentioned previously, the new additions to the Solo system
wvere desiqgned. The next chapter details the actual progranms

and modification details that were used in the project.
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CHAPTER 3

SYSTEM IMPLEMENTATICN

3.0 IKTRODUCTION

This chapter discusses +the implementation and general
operation of the UNIX interface routines. Included with the
functional description of the programs is a discussion of the
Fernel and Run-Time lLibrary modifications. Program procedures
will not be discussed in detail whenever a procedure is
trivial or internal program documentation is sufficiently
detailed. The User's Manual (Appendix A) overviews the
specific operating procedures for Solo and the Unix interface
routines. Appendix B contains the modified Pas32? and Cpascal
shells for the correct compilation of Sequential and
Concurrent Pascal programs. The actual source code for the
nodified Solo operating system, Sequertial Pascal routires,
Fernel, and the Run-Time library is listed in Appendices C
througyh F. Appendix G contains a brief description of the
program's UFIX filenames and how they are to te corpiled if

further modifications are to be performed.
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3.1 SEQUERNTIAL PROGRAMNMS

The Sequential Pascal programs Unix32 ard CallUnix32 enable
the Solo user to transfer files between systems and execute a
command in the UNIX shell, respectively. Another Sequential
progranm, Diskspace, was developed to give the user an
indication of +the number of free pages on the Virtual disk.
The following sections describe the Segnential programs in

more detail.

3.1.0 THE UNIX32 PROGRAM

The purpose of +the Unix32 program is to transfer files
between the UNIX file system and the Sole file system. Before
divingy into the programs's internals, a brief description of
thke UONIX £file system will help to enhance the reader'’s

understanding of the program's code.

The UNIX file system is accessed with the same commands as
the Solo system, such as open, read, write and close, but the
differences lie in the manner in whkich the files are actually
accessed and how they are stored. Files in +the UNIX system
are stream-oriented rather than record-oriented as in most
other systems[ER]. With stream 1I/0, data can be dealt with in
any length the user desires. The file is normally terminated
with an enpd-of-stream character. This marker 1is, however,
inrvisible +*o the user. A1l file operations in UONIX are
performed as function calls. These calls return a value which

is used to determine whether or not +*he operation was
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successful. Files are opened by passing a pointer to the
filename and <the access mode desired. The mode is a value
designating read, write, or their combirnation. The value

returned is called the file descriptor and is used for all
subsequent operations on that file. If the value returned was

less than zero, the desired file was not found.

The read and write functions are basically the same with
the parameters being the file descriptor, a pointer to a
buffer, and the number of bytes to be transferred. The number
of bytes to be transferred can be virtually any value, but +the
most efficient occur with 512 byte +transfers. A major
difference in the two routines is found in +the results
returned. The read routine returns the actual number of bytes
read from the file or a zero if the end-of-file (EOF) was
reached. If a transmissior error occured during the read, a
negative result is returned. The write routire also returmns
the number of bytes transferred, except that a negative value

returned irdicates that a transmission error has occured.

The close function closes a file when given a valid file
descriptor. The value returned indicates whether the file
closure was successful. Besides the primitive file operations
mentioned previously, two other file operations are provided.

They are the create and access functions.

The create functiom creates a new file, given a pointer to
the filename and tte mode of access. Brror values are

returned if the file can not be created. The other command
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provided is the access function. The access function allows
the user to check a given file for the proper mode of usage
(read, write, or eXxecute). Although there are many other
available file operations in the UWIX systen, orly +he

aforementioned ones are used in the Unix32 routine.

The input parameters +*o the Upix32 program are the
operation type (INPUT or QUTPUT), file *type (if the operation
is INPUT), and the filename. The actual syntax of the
commands are listed in the user's guide {(Apperdix A). The
operation field is used as an indicator for +the direction of
file transfers with respect to the UONIX file system. An INPUT
direction indicates that the file is +to be input from UONIX to
the Solo file systen. The other direction, OUTPUT, indicates
that the file is to be moved from Solo to the ONIX file

systen.

Oonce the program has Dbeen invoked, the command line is
parsed to determine its leqality and +the type of operation to
be performed. The input operation has a general format of :
ONIX32 (INPOT,FILENAME,FILEKIND). The second field of the
input command line must contain anp identifier type which
irdicates a wvalid array of 12 characters. The last field of
the line must be a legal file type under Solo. This use of a
file +type field is so that tke new file can be correctly
cataloged. The output command line has the format of :
UNYX32 (0UTPUT ,FILENAME). The output operation requires only

one additional parameter - the filerame. This field is
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checked to validate that it is of an idertifier type. While
the command is being parsed an 1illeqal field will cause the
parsing to cease and an error is displaved or the console.
The error message displayed informs the user of +the correct
invokation and the possible parameter types that the different

fields can have.

Praocessing of +the commard begins after a correct command
has been entered. Inputting a file is initiated by obtaining
the free page set stored on the Virtual disk. Tke page set
obtained is actually the page map of the Next file where the
newly inputted file is stored until +the FILE32 progran
actually creates the file and catalogs it. For the filenanme
to be correctly recognized by the URIX system, it must have a
null character appended to the end of it. The access of the
UNIX file is checked before the file is opened. The program
is terminated and an access denial message is printed if the
file does not have read access or is not found. Once the file
is opened, it is read in blocks of 512 bytes until its EOF is
reached. Bach time a page is read, it is transferred to the
Tirtual disk. If at any time while the file is being read in
and the 1length of tke file exceeds 256& pages, the program
terminates and displays an error message indicating that the

maximum length of a Solo file has beer reached.

After being successfully transmitted from UNIX to Solo, the
file is automatically created and named by running the FILE32

progran with the files parameters. A message is printed
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identifying the run time error if the FILE32 program
terminates abnormally. The ONIX file is closed after the
FILE32 program establishes the newly created file. Firnally,

the input operation and the program are terminated.

The outputting of a file is basically the same as inputting
a file except in reverse. The file is first looked up in the
Solo catalog to obtain its page wmap. If the file 1is not
located in *the catalog, an error message is printed and the
program terminated. Once the file has beer located and its
pagenap obtained, the filename is then converted to a UNIX
filepame as described before. If the attempt to open the file
ir the UNIX system fails, A new file is created and given read
and write access. A check 1is also made while the file is
beirg opened to determine if the user has write access. If
they io not, an error message is printed indicating the denial

of write access and the program is terminated.

Data is transferred page by page from the Solo file to the
ONIX file once it has been successfully opened or created.
This continues until the Solo EOF is reached. At this point
the last file block is +transferred to UNIX and +he file is
closed. Because the UNIX file system does not employ an EOF
character directly, the procedures for the input and output of
Solo files contain code that attaches an EOF marker to a file
imported to Solo and the deletion of the Solo EOF marker on

files that are exported to the DNIX file systen.
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The output of the Unix32 program can copsist of various
Berror messagesS. These messages are used +to inform a user of
illegal operations or errors resulting from the requested file
transfer operation. Once an error 1s detected, the user is
prompted and the program is terminated. The Oser's Guide
(2ppendix A) contains a complete listing of the error messages

that can arise from the use of the Unix32 progran.

3.1.1 THE CALLUNIX32 PROGRAM

The CallUnix32 program provides the Solo wuser with the
ability to execute a routine in the UNIX shell. Since most of
the interface to the UNIX environment is ©provided in the
Kernel, only the general operation of +the routine will be
described in tkis section. Details of the FKernel are
described later in this chapter. The program prompts the user
for the shell command so that no parameters are passed to the
program at invokation tinme. Once the program comnmences
execution, the user is prompted for input by the displaying of
a dollar sign('$"). The prompt is to indicate to +the user
that his/her next command will be executed in the UNIX shell.
After the command is executed, +the user is returned to the

Solo environment and the program is terminated.

The other output of the program is in the form of messages
indicating in which environment the user is able to execute a
command. 2 1listing of the messages as well as command
invoka*tion details is provided in the User's guide (Appendix

A) .
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3.1.2 THE DISKSPACE PROGRAM

The Solo file system 1includes a file that vprovides
informatiorn on the number of free disk pages that exist on the
Virtual disk. This file is used by the Diskspace program to
inform the user of the number of unused pages. The progranm
expects no input arguments. Once eXecution begins, the
program consults the aforementioned file and obtaics the
nunber of free pages on the disk. The output of the program
is the number of free pages and a header to inform the user of
this information. A complete syntax description is provided

in the User's guide (Appendix A4).

3.2 EERNEL MODIFICATIORNS

The following sections 1list the major modificatiorns ard
components that were added to the Concurrent Pascal EKernel.
The descriptions provided are general 1in nature. More
specific details of the code to implement the functions can be

found in the Appendix containing the Kernel listing.

3.2.0 CALLUNIX32 INTERFACE

The Kernel code for the UNIX interface employs the "execl"
function to execute a file or, in this case, the shell. The
use of this command is similar to that described in the ONIX
programning guidef[ KR]. The parameters to the execl furction
are the file's name to be executed and the arquments. Upon
execution of the execl call, the existing program is overlayed

ard the rew program is run. No method is provided for
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returning to +the calling program because of +the program
overlay. This drawback was overcome by creating another
process (using +the fork primitive) ard assigning the execl
fanction to it. In this way +he calling program or parent
forked a new process and then waited for that child process to

terminate.

3.2.1 SOLO REINITIALIZATION

The reinitialization feature, as described before, was
reimplemented to allow the user +to reirnitialize and execute
Solo. The npew Implementation differs from the original
codelBH!1] in which the Solo program was relcaded from disk and
tken executed, Instead, the Kernel is reiritialized and the
program is restarted. This modification was required because
the present Kernel does not have the capabilities of directly

loading a file from disk and then executing it.

The Loader Process of Solo performs +the sequence of
operations to reboot the systen. The process uses control
operations omn the console and the disk +o initiate the
rebooting. The control operation on the console delays the
calling process until the operator pushes +the BEL Xkey. A
control operation on the disk then performs the
reinitialization of the program. These control operations had
to be reestablished for the console and disk devices. Figure
3.0 illustrates the sequence of events that occur when the
systen is rebooted. The first event is a corntrol operation

being performed on the console. As mentioned, this delays the
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calling process. It remains blocked until the Kernel I/C
routine intercepts the BEL character. At this point +the
LoaderProcess is removed from the blocked cueue and placed on
the ready list. When the process is finally given it's turn
to exacuts, a control operation is performed on the disk. The
control command is received by the Kernel which allows it to

reinitialize itself and the Solo program.



PAGE 37

Runping
Cortrol Operation
Performed on

Console

Resckeduled for
Inmediate Executior

Blocked

BEL Character
Typed by Operator

Figqure 3.0 TReinitialization of the Solo System
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CHAPTER 4

CONCIL.USION

In this report we have explored the past development of
Solo ard have discussed recent modifications made to this
operating system. We have also touched upon why it provides a
valuable tool for program development and the study of
concurrent processes. The main goal of the project was to
port as many features of the original EKSU versior of the Solo
system {(which ran under 0S/32-MT) to the UNIX environmert., To
take advantage of the UNIX system various features such as +he
ability to transfer files between systems ard the executing of
a command in the UNIX shell were added to the Solo svysten.
Trhese enhancements were done to improve the usefulness of the
systen. The additional features added to the usefulress of

Solo.

Although the porting did restore many features of the
original system, ¢there remained a few features such as a tine
multiplexed Kernel and the removing of Solo's virtual devices,
that were not reimplemented in the latest version of Solo.
Tte reasons for this were that +*he features were either
undesirable or the task of porting them was bheyond the scope
of the proaject. The enhancements described in the following

paragraphs are, in this writer's opinion, the most likely
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candidates for future work.

Th2 Concurrent Pascal ¥ernel does provide for process
switching, however, it does not provide *ime multiplexing of
processes. With the curremt implementation, thke FKernel
performs a context change only when a running process is
delayed or no longer able +*o execute. This situatior
presently allows a process to execute to completion without
ever relinqguishing the processor. At present programs must be

designed with this fact in mind.

There are two possible solutions for rewriting of +the
presert Kernel to accommodate time multiplexing. One solution
is to have another program executing in parallel with the
Concurrent Pascal program. This program cah be created in +he
same way +that the unixcall routine performs +he shell
execution. The new program would periodically signal the
concurrert program +o perform a process or context switch.
This solution has the drawback of +the switch having *o be
performed in the Kernel. Thke concurrent program would have to
determine whether it was executing in the Pascal code, the
Fernel code, or +the Pun-Time Library when the siqral or
interrupt occured. If the proqgram was not in the Kernel, it
wvould ther have *o transfer executiorn to the Kernel to perforn

t+he process switch.

An altermnative solution is to use the 0S5/32 timer SVC.
Tkis approack used to be implemented to provide the process

switch when the Kernel was written 1in Pascal and also whken it
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was Wwritten in assembly language. As witk the first solution,
thkis alterrative also presents the same problems to the

implementor.

The concept of using the Virtual disk to simulate a disk
for the S3lo system could be alleviated by rewriting the disk
routines to obtair their I/0 from files in the UONIX systenm
instead of from +the Virtual disk. This feature was rot
implemented for twvwo reasons. First, +the modification would
remove many of the routines from the program code ard change
the code which is currently used as a teaching guide in Brinch
Hansen's +extbookl{BH1]. The second reason is +hat such a
ctange would make the Solo implementation UFNIX dependent and
detriment the system's portability. Thus, the modification of

tke disk routines does not appear to be feasible.
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USER GUIDES
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Contaired 1Ip this Appendix is the format of commands and
responses produced by the Solo operating system. The intent
of this is to provide a guick reference for the user

unfamiliar with the software.

Exacution of the Solo system 1is initiated with the command

line of :

solo32 -k120k -f1x solo.vd —-£f3 printout -fiur cardinput

For convenience, this command line can be placed in a shell
file. The first item of the commard lire is the object code
file called - =so0lo32. This is followed by the amount of
memory that is required to execute Solo. The system's virtual

disk is assigned as logical unit 1 and has read and write

access. Logical unit 3 is tlke printdevice and has write
access by default. The filerame of printout is arbitrary and
can have any user name assigned to i*. It should be noted

that +this file is created each +time Solo 1is executed and
erases anry contents that the file bhas 1in it prior to
execution. The last logical unit (4) is the carddevice. As
with the printdevice the filename of cardinput is arbitrary.
The file car be any file that is desired to be input using the
carddevice. If an optional name is desired +the file should
contain at least an Solo end-of-medium symbol {control ¥) or
the Card Process of Solo will +erminate uporn its

initialization due to the file being empty.

Once the command line is entered or a shell containing it
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invoked, the system identifies 3itself with the following

prompt :

D032:

After this 1is displayed, Solo is ready for commands +to be

entered.

Thz reinitialization of Solo, as mentioned before, consists
of typing a control G followed by a carriage return. This
causes Solo to reinitialize itself and display again the
system prompt (D0O32:). Solo may be terminated at any time by

either striking the break key or typing the command :

LCGOFF

The logoff command allows the program to terminate normally

and print the following messages :

SQOLO TFRMINATING

The main program has terminated

Tte last message produced is printeé by the Kernel as a result
of a concurrent program being termirated. The other method of
termination (striking the break key) <causes an unnecessary
core dump and should only be used in cases of the failure of

the Solo system to respond to the user.

The Sequential Pascal programs are invoked by +typing the
name and their optional arquments followed by a carriage

return. The commands are entered after the system prompt of
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D032 is displayed. The following paragraphs contain a quick
refereance for the added progqrams invokations and the messages
produced by then. User quides for programs rot listed here

can be found in the Solo Tutorials[¥N1.

The CallUnix32 program is invoked wiil the command :

CALLUFIX32

This is followed by the routine identifying itself with the

line :

CALLONIX32:

The next message produced is to inform the user that they are
entering the UNIX environment. Tkis is immediately followed

by the shell prompt.

ENTERING THE UNIX ENVIRONMENT...

$

A desired command may then be +typed after the prompt. The
user 1s returned to Solo once <the URIX command has been

executed. The user is made aware of this by the message :

BACK AT THE SQLO ENVIRONMERT

Af+ter this message is displaved on the console the program is

terminated.

The Unix32 proqram invokation regquires, in addition to the

program name, the mode of operation (INPOT or OUTPUT), and if



PAGE 48
the operation is IYPUT the filetype. If +his format is not

followed the following error message is produced :

TRY AGAIN
OFIX32(INPUT,FILENAME,KIND)
UNIX32 (OUTPUT,FILENAME)
WHERE FILENAME:TIDENTIFIER

KIND: {SCRATCH,ASCII,SEQCCDE,CONCODE)

The error messages produced by the program result from
improper usage of the file systems. The 1list which follows

contains these messages and the probable cause of them.

READ ACCESS DENIED ~ The file to be input does nrot have

read access for the user.

FILE UNKNOWN TO UNIX - The input filerame is not located

in the user's UNIX directory.

SOLO FILE LIMIT EXCEEDED - The 1length of the new file is

longer than +he maximum Solo filelength of 255 pages.

SOLO PILE NOT FOUND - The file to be outpu* was not found

in the Solo directory(CATALOQG) .

WRITE ACCESS DENIED - This nmessage produced during the
output operation warns the user that the file does not

have write access for the user.
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The other messages produced by the preogram are from the
File32 program which is executed to save a file in the Solo
catalog. These error messages can be found in the

aforementioned tutorials.

The Diskspace program is invoked in the same way as the

CallUnix32 program is vwith the single command :

DISKSPACE

The information produced by the program is the number of free
pages that exist on +the Virtual disk. The format of the

output is :

VIRTUAL DISK SPACE(PAGES) :

This line is then followed by the number of pages.
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APPENDIX B

PAS32 AND CPASCAL SHEILS
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This appendix contains the modified@ shells for the correct
compilation of Sequential Pascal and Concurrent Pascal
programs to be used for the Solo system. The Pas32 shell was
modified so that the relocate feature could be used. As
mentioned before, +this 1is required for correct execution of
Sequential Pascal progqrams running under the Solo system. The
modification consisted of adding the shell command lines of
if test -n "$ropt"
then reloc -k100k —-fir /tmp/p.out$$ > $prog.rel
rm /tmp/p.out$s
exit
fi
The first 1line tests whether the "-r" option vwas specified.
If thes result is true, then the reloca*tor program is executed
with 1+s 1input being the compiled code produced by +the
compiler, The relocated code of the sequential prodgram is
then placed in a file with the sequential program's original
name and an extension of W“.rel". orce the relocator program
is done, the shell then removes a temporary work file arnd
exits without performing the linking phase which is normally
performed when compiling non-Solo programs. The code for the
telocator program and the modified Pas32 shell must reside
within the user's directory. Thi=s can be changed by moving

the relocator's code (reloc) to arother directory and

appending the path to that directory in front of the it.



prog="§1"n
shif+
oopt=
pasopt=tns"
symasgn=
copt=
ropt=
ldopt=
versn="/usr/pas3i2"
lib="/usr/pas32/1ib"
wvhile test $# -ne 0
do
case $1 in
—0)
oopt=%$1 $2"
shiftss
—c)
copt="3$1";;
_r)
ropt="31";;
-i -n)
ldopt="$1ldopt $17v;:
-t)
1ip=" M -
¥ sym W SYHN)
symasgn="-£f3 $prog.symn"
pasopt="$pasopt $1";:;
*)
pasopt="$pasopt $1"
esac
shift
done
if test -n "Scopt"
then objout="$prog.o"
else objout=%"/tmp/a.out$$"
fi
if
$versn/prep < $prog.p > /tmp/prep$f
then :
else rr /tnp/prep$$; exit;
fi
if
fversn/pascal32 -ki128k -fi1t -f2t -f7
/tnp/p.outd$s$ $symasgn < /tmp/prep$s $pasopt
then :
else rm /tmp/p.out$d; exit
£i
rm stmp/prep$s$
if test -n "S$ropt"™

then reloc -k100k -f1r /tmp/p.out$$ > $prog.rel

rm /tmp/p.outs$s

exit

fi

cvobj /tmp/p.out$$ $objout
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rm /tmp/p.out$$

if test -n "$copt"®

then exit

fi

1ld -X $oopt $ldopt $lib/pasdrivr.o %objout
$1ib/seqlibry.o $lib/paserror.o $lib/dumdebuq.o
$1ib/dumloadr.o0 -1c -e p.main

rm /tmp/a.out$$

The Cpascal shell for Concurrent Pascal program compilation
(ie. the S0lo32 program) was rewritten so that the modified
Kernel's and Run—Time Librarv's object files are linked to the
program instead of the normal ones. As was the case with the
relocator program before, the object files must at the present
time reside in the user's directory. This can be changed, as
before, by placing the code in another directory and including
the path to that directory with its name.

prog="§i"n

shif+

oopt=

pasopt="ns"
sSymasgn=

copt=

ropt=

ldopt=

versn="/usr /pas32"
lib="/usr/pas32/1ib"
driver="cpascal"
while test $#% -ne 0

do

case $1 in

_o)
oopt="$1 $2v
shift;:

_c)
copt="$1";;

_r)

ropt="$ 1"; ;
=i -n)

ldopt="%$1dopt $1%;;
-'t)

lib=n_w;:
_v)



set -x3;
v sym W SYNM)
symasgn="-f3 $prog.sym"
pasopt="$pasopt $1";;
*)
pasopt="$pasopt $1v
esac
shift
done
if *est -n "$Scopt"
then objout=%"$prog.o”
else objou+r="/tmp/a.outds"w
£i
if
rice -5 $versn/prep < $prog.p > /tmp/prep$$
then :
else rmn /tmp/prep$$; exit;
fi
if
nice -5 $versn/$driver -k128k -fi1t -f2t -f7
/tep/p.out$s$ $symasqn < /tmp/prep$$ $pasopt
then :
else rm /tmp/p.out$$; exit
fi
rm /tmp/prep$s
if test -n "$ropt"
then echo reloc not supported
rm /tmp/p-.out$s
exit
fi
nice -5 cvobj /tmp/p.out$$ 3objout
rm /tmp/p.out$s
if test -n “"$copt"
tken exit
fi
nice -5 1d -X $oopt $1ldopt conlibrv.o $objout
kernel.o $lib/condummy.o -lc
rm /tmp/a.outs$s$
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THE SOLO322 PRCGRAM
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KEERNEL

TYPE FULLWORD = INTEGER;

CONST PAGELENGTH = 512;

TYPE PAGE = ARRAY [ 1..PAGELENGTH] OF CHAR;

TYPE INTEGER = SHORTINTEGER;

CONST IDLERGTH = 12;

TYPE IDENTIFIER = ARRAY[ 1..IDLENGTH] OF CHAR;

CONST OUNIXLENGTH Y33

TYPE UONIX_NAME = ARRAY[ 1..URIXLENGTH] OF CHAR;

TYPE ATTRINDEX= (ATTRCALL,ATTRHEAP, ATTRLINE,ATTRRSIT,
ATTRRTIM) ;

FUNCTION ATTRIBUTE(A:ATTRINDEX) :FULLWCRD;

PROCEDURE SETHEAP (A:FULLWORD} ;

PROCEDURE START (A:INTEGER);

PROCEDURE STOP(A,B:INTEGER) ;

PROCEDURE WAIT;

FONCTION REALTIME:INTEGER;

PROCEDURE SVC1;

PROCEDURE SVC2;

PROCEDURE SVC7;

PROCEDURE GETMEM;

PROCEDURE BREAKPNT (LN: FULLWORD) ;

PROCEDURE SVCI15;

"o
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PONCTION UNIXOPENS (ONIXNAME:UNIX_NAME;
MODE: INTEGER) : INTEGER;
FONCTICN UNIXREADS (FILEDES: INTEGER; VAR BUF:PAGE;
LENGTH :INTEGER) ;: INTEGER;
FUNCTION UNIXWRITES (FILEDES:INTEGER; BUF:PAGE;
LENGTH: INTEGER) : TNTEGER;
PUNCTION UNIXCLOSES (FILEDES:IFNTEGFR) :INTEGER;
FUNCTION UFIXCREATES (UNIXNAME: UNIX_NAME;
MODE:INTEGER) ; INTEGER;
FUNCTION UNIYACCESSES(UNIXNAME:UNIX NAME;
MODE: INTEGER) : INTEGER;
PROCEDURE CALLUNIX:
PROCEDURE QUIT;
END;

NRERERARRRAIS
# IO TYPES #
FERFEIERARR R

TYPE TODEVICE =
(TYPEDEVICE, PRIVATEDISK, TAPEDEVICE, PRINTDEVICE,
CARDDEVICE, TAPE2DEVICE, ITAMDEVICE, VARDEVICE,
SYSTEMDISKY) ; nWRsSO®

TYPE ICOPERATION =
(INPUT, OUTPUOT, MOVE, CONTROL) ;

TYPE IOARG =
(WEITEFOF, REWIND, UPSPACE, BACKSPACE) ;

TYPE IORESULT =
{COMPLETE, INTERVENTION, TRANSMISSION, FAILURE,
ENDFILE, ENDMEDIUM, STARTMEDI UM} ;

TYPE TOPARAM = PACKED RECORD
OPERATION: IOOPERATION;
STATUS: IORESULT;
ARG: 0..32768
EFD;

CONST
NL = " (2 10:}'; FF = "(:12:2)7; CR = "(:13:z)'; EM = " ({:25:)1";

CONST LINELENGTH = 132;
TYPE LINE = ARRAY [1..LINELENGTH1 OF CHAR;

CONST PAGELENGTH = 512;

57
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# PROCESSQUEUE AND FIFO #
FREFRRIRRFRFRIRRRLAIRRA R

CONST PROCESSCOUNT = 7;
TYPE PROCESSQUEUE = ARPAY [ 1..PRCCESSCOUNT! OF

TYPE FIFC =
CLASS(LIMIT: INTEGER) ;

VAP HEAD, TAIL, LENGTH: INTEGER;
"PROCEDURE DUMMY; BEGIN END;"

FUNCTION ENTRY ARRIVAL: INTEGER;
BEGIN
ARRIVAL:= TAIL;
TAIL:= TATL MOD LIMIT + 1;
LENGTH:= LENGTH + 1;
END;

FUONCTION ENTRY DEPARTURE: INTEGER;
BEGIN
DEPARTURE:= HEAD;
HEAD:= HEAD MOD LIMIT + 1;
LENGTH:= LENGTH - 1;
END;

FONCTION ENTRY EMPTY: BOOLEAN;
BEGIN EMPTY:= (LENGTH = 0) END;

FONCTION ENTRY FULL: BOOLEAN;
BEGIN FULL:= (LENGTH = LIMIT) EWD;

BEGIN HEAD:= 1; TAIL:= 1; LENGTH:= 0 END;

QUEUE;
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# RESOURCE #
e85 0022

TYPE RESCURCE =
MONITOR

VAR FREE: BOOLEAY; Q: PPOCESSQUEUE; NEXT:

PROCEDURE ENTRY REQUEST;
BEGIN
IF FREE THEN FREE:= FALSE
ELSE DELAY{Qf FEXT.ARRIVAL) ;
END;

PROCEDURE ENTRY RELEASE;
BEGIN
IF NEXIT.EMPTY THEN FREE:= TRUE
ELSE CONTINUE (Qf NEXT.DEPARTUORET) ;
END;

FIPO;

BEGIN FREE:= TRUE; INIT NEXT(PROCESSCOUNT) END;

NEEERERERRRERERAAE
# TYPERFSOURCE #
BEFRARFRIRARE R

TYPE TYPERESOURCE =
MCNITOR

VAR FREE: BOOLEAN; Q= PROCESSQUEUE; NEXT:

PROCEDURE ENTRY REQUEST (TEXT: LINWNE; VAR CHANGED:

BEGIN
IF FREE THEN FREE:= FALSE
ELSE DELAY (Of NEXT.ARRIVAL 1) ;
CHANGED:= (HEADER <> TEXT);
HEADER:= TEXT;
END;

PROCEDUPE ENTRY RELEASE;
BEGIN
IF NEXT.EMPTY THEN FREE:= TRUE
ELSE CONTINUE (Qf NEXT.DEPARTURE]) ;
END;

BEGIN
FREE:= TRUE; HEADER[1]z:=
INIT NEXT (PROCESSCOUNT) ;
END;

NL;

FIFO;
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NERIEARRRARIRANE
# TYPERRITER #
#RERBERERIRER AR

TYPE TYPEWRITER =
CLASS(DEVICE: IODEVICE);
COPNST LIRELIMIT = 81;

PROCEDURE WRITECHAR(X: CHAR);
VAR PARAM: ITOPARAM; C: CHAR;

BEGIN
PARAM.OPERATION:= OUTPUT;
C:= X;
Io (C, PARAM, DEVICE);
END;

PROCEDORE EWTRY WRITE (TEXT: LINE) ;
VAR PARAM: IOPARAM;
I: INTEGER; C: CHAR;
BEGIN
PARAM.COPERATION:= OUTPUOT;
I:= 0;
REPEAT
I:= I + 1; C:= TEXT[I;
I0(C, PARAM, DEVICE);
ONTIL (C = NL) OR (I = LINELIMIT)
IF - <> W1 THEN WRITECHEHAR(WL);
END:

PROCEDURE ENTRY READ(VAR TEXT: LINE}:
CONST BEL = Y ({z7:)"';
VAR PARAM: IOPRRAN;
I: INTEGER; C: CHAR;
BEGIN
WRITECHAR (BEL) ;
PARAM.OPERATION:= INPUT;
I:= 0;
REPEAT
I0o {C, PARAM, DEVICE);
"CODE TO CANCEL INPOUOT LINES AND CHARACTERS
Iz:= I + 1; TEXT[IN:= C;
ORTIL (C = ¥NL) OR (I = LINELIMIT):
TP C <> N1 THERN
BEGIVW
WRITECHAR {NL) ;
TEXT[ LINELIMIT + 17:= NL;
END:
END;

BEGIN END;

DELETED

PAGE €0
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# TERMINAL &
iR RFERR 2R

TYPE TERMINAL =
CLASS(RCCESS: TYPERESOURCE) ;

VAR UNIT: TYPEWRITER;

PROCEDURE ENTRY READ(HEADER: LINE; VAR TEXT:
VAR CHANGED: BOOLEAN;
BEGIN
ACCESS.RFQUEST (HEADER, CHANGED) ;
IF CHAVGED THEN UNIT. WRITE(HEADER) ;
UNIT.READ {(TEXT) ;
ACCESS.RELEASE;
END;

PROCEDURE ENTEY WRITE (HEADER, TEXT: LINE);
VAR CHANGED: BOOLEAN;
BEGIN
ACCESS.REQUEST (HEADER, CHANGED) :
IF CHANGED THEN UNIT.WRITE(HEADER) ;
ONIT.WRITE(TEXT) ;
ACCESS.RELEASE;
END;

BEGIN INIT UNIT(TYPEDEVICE) END;

PAGE €1
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# TEFRMINALSTREAM #
FREFRFEFLERETRRERIER

TYPE TERMINALSTREAM =
CLASS{OPERATOR: TERMINAL);

CONST LINELINIT = 80;

VAR HEADER: LINE; ENDINPUT: BOOL EAN:
INP, OU0T: RECORD COUONT: INTEGER;

PROCEDURE T NITIALIZE(TEXT: LINE):
BEGIN

HEADER:= TEXT;

ENDINPUT:= TRUE;

OUT. COUNT:= 03
E¥D;

PROCEDUORE ENTRY READ(VAR C: CHAR):
BEGIWV
WITH INP DO
BEGIN
IF ENDINPUT THEN
BEGIN
OPERATOR. READ(HEADER, TEIXT);
CCUNT:= 0;
END:
COUNT:= COUNT + 1;
C:= TEXT{ COUNT];
ENDINPOTz= (C = NI1):
END;
END;

PROCEDURE ENTRY WRITE (C: CHAR) ;
BEGIN
WITH OUT DO
BEGIN
COUNT:= COUNT + 1;
TEXT[COUONT ]2= C;

IF {C = BL) OR (COUNT = LINELIMIT)

BEGIN
OPERATOR. WRITE(HEADER, TEXT):
COUNT:= 0;
END;
END;

END;

PROCEDURE ENTRY RESET (TEXT: LINE) ;
BEGIW INITIALIZE (TEXT) END;

TEXT:

THEN

LINE END;

BEGIN IRITIALIZE(*UNIDENTIFIED: (:10:)') END;
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NEEERRERRR

# DISK #

RSS2 220

TYPE DISEK =

CLASS(TYPEUSE: TYPERESOURCE);

“DISKDEVICE ADDED TO ALL PROCEDURES TO ALLOW - KSU
THE USE OF MULTIPLE VIRTUAL DISKS - Ksgu

VAR OPERATOR: TERMINAL;

FONCTION XLTESTAT (STATUS: UNIV INTEGER)}: INTEGER;
BEGIN

XLTESTAT:= STATUS:
END;

PROCEDURE TRANSFER(COMMAND: IOGOPERATION;
PAGEADDR: UONIV IOARG; VAR BLOCK: PAGE;
DISKDEVICE: IODEVICE);

WSTATUS CHANGES MADE FOR 0S5/32-MT FOIBLES - EKSO"
VAR PARAM: TOPARAM; RESPONSE: LINE;
BEGIN
WITH PARAM, OPERATOR DO
BEGIN

OPERATION:= COMMAND;
ARG:z= ORD (PAGEADDR) ;
JO(BLOCK, PARAM, DISKDEVICE) ;

IF STATOS = ENDFILE THEN "Esov
STATUS:= COMPLETE; wgsow

WHILE STATOS <> COMPLETE DO

BEGI¥

RESPONSEf 17== CHR(XLTESTAT (STATUS) + ORD(*0%)});
RESPOFSE[ 2 1:= NI;
WRITE ("DISK: ERROR(:10:) ', RESPONWNSE);
READ ("PUSH RETUORN(:10:) ', RESPONSE);
I0 (BLOCK, PARAM, DISKDEVICE);
END:
END;
END:

PROCEDURE ENTRY READ(PAGEADDR: INTEGER;
VAR BLOCK: UONIV PAGE; DISKDEVICE: IODEVICE);

BEGIN TRANSFER(INPUT, PAGEADDR, BLOCK, DISKDEVICE) END;
PROCEDURE ENTRY WRITE (PAGEADDR: INTEGER;
VAR BLOCK: UNIV PAGE;
DISKDEVICE: IODEVICE) ;
BEGIN TRANSFER (OUTPUT, PAGEADDR, BLOCK, DISKDEVICE) END;

BEGIN INKIT OPERATOR(TYPEUSE) END;
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AR R EEXELIZ2I 22222222220
# FILEMAP AFND DISKFILE #
FEREFRERRAR IR BRARRRIIRAER

CONST MAPLENGTH = 255;
TYPE FILEMAP = PACKED RECORD
FILELENGTH: SHORTINTEGER;
PAGESET: ARRAY "1..MAPLERGTH" OF SHORTINTEGER
END;

TYPE DISKFILE =
CLASS(TYPEUSE: TYPERESOURCE) ;

"ICDEVICE ADDED TO PROCEDURES TO ALLOW THE USE - EKSU
OF MULTIPLE VIRTOAL DISKS - EKsun

VAR UONIT: DISK; MAP: FILEMAP; OPENED: BOOLEAN;
ENTRY LENGTH: INTEGER;

FOUONCTION INCLOUDES (PAGENO: INTEGER) : BOOLEAN;
BEGIN
INCLUDES: = OPEVWED &
{1 <= PAGENO) & {(PAGENO <= LENGTH):;
END;

PROCEDURE ENTRY CPEN{MAPADDR: INTEGER; DISK: ICDEVICE);
BEGIN

UNIT.READ (MAPADDR, ¥MAP, DISK):

LENGTH:= MAP.FILELENGTH;

OPENED:= TRUE;
END;

PROCEDURE ENTRY CLOSE;
BEGIW

LENGTH:= 0;

OPENED:= FALSE;:
END;

PROCEDURE EFTRY READ(PAGENO: INTEGER; VAR BLOCK: UONIV PAGE;
DISK: IODEVICE);
BEGIN
IF INCLOUDES {PAGENO) THEVW
UNIT.READ (HAP.PAGESET[ PAGENO 1, BLOCEK, DISK):
END;

PROCEDURE ENTRY WRITE (PAGENO: INTEGER; VAR BLOCK: UNIV PAGRE;
DISK: IODEVICE) ;
BEGIN
IF¥ TNCLUDES (PAGENQ) THENW
ONIT.¥WRITE (MAP.PAGESET[ PAGENO], BLOCK, DISK) ;
END;
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BEGIN
INIT UNIT(TYPEUSE);
LENGTH:= 0;
OPEVNED:= FALSE;
ENDs

NRERRRRRRRERAPIRERIAR RS
# CATALOG STRUCTURE #
BRREREFERIFERERBR AR

TYPE FILEKIWD =
(EMPTY, SCRATCH, ASCII, SEQCODE, CONCODE) :

TYPE FILEATTR PACKED RECORD
FIND: FPILEEIND;
ADDR: SHORTINTEGER;
PROTECTED: BOOLEAR;
NOTUSED: ARRAY [1..51 OF SHORTINTEGER

END;

I

TYPE CATENTRY PACEED ERECORD
ID: IDENTIFIER;
ATTR:z FILEATTR;
KEY, SEARCHIL ENGTH: SHORTINTEGER

END;

CONST CATPAGELENGTH = 16;
TYPE CATPAGE = ARRBRAY [1..CATPAGELENGTH] OF CATENTRY;

CONST CATADDR = 154;
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NERRRRRRARRERER
# DISKTABLE #
EERRRRERERIRERY

TYPE DISKTABLE =
CLASS(TYPEUSE: TYPERESOURCE;
CATADDR: INTEGER);

"DISKDEVICE PERMANENT VARIABLE AND DISK PARAMETER ADDED TO
ALLO¥ FOR USE OF MULTIPLE VIRTUAL DISKS - Ksg"

VAR FILE: DISKFILE;
PAGEND: INTEGER; DISKDEVICE: IODEVICE; BLOCK: CATPAGE;

ENTRY FLENGTH: INTEGER;

PROCEDURE ENTRY READ(I: INTEGER; VAR ELEM: CATENTRY:
DISK: IODEVICE) ;
VAR INDEX: INTEGER;
BEGIN
IF DISK <> DISEKDEVICE THEN
WITH FILE DO
BEGIN
CLOSE;
FILE. OPEN (CATADDR, DISK) ;
FLENGTH:= FILE.1ENGTH * CATPAGELENGTH:
PAGENO:= O0:
DISKDEVICE:= DISK;
END;
INDEX:= (I - 1) DIV CATPAGELENGTH + 1;
IF PAGENO <> INWDEX THERN
BEGINX
PAGENO:= INDEX;
FILE.READ (PAGENO, BLOCK, DISK);
END;
ELEM:= BLOCK[ (I - 1) MOD CATPAGELENGTH + 11;
EXD;

BEGIN
INIT FILE(TYPEUSE);
DISKDEVICE:= PRIVATEDISK;
FILE.OPEN (CATADDR, DISKDEVICE) ;
FLENGTH:=FILE.LENGTH * CATPAGELENGTH;
PAGENO:= 0;

ERD;
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NEARFERRRESARTRS
# DISKCATALOG #
ERRERRRE2ARR R

TYPE DISKCATALOG =
MONITOR (TYPEUSE: TYPERESOURCE;
DISKUSE: RESOUORCE; CATADDR: INTEGER);
WTHE DISK PARAHMETER HAS BEEN ADDED TO ALIO¥ FCR - KsSU
THE USE OF MULTIPLE VIRTUAL DISKS - Ksov

VAR TABLE: DISKTABLE;
FONCTION HASH (ID: IDENTIFIER) : INTEGER;

WTHE YALIDITY OF THE HASH FUHNCTION DEPENDS ON THE PFACT
THAT ALL VIRTUAL DISKS HAVE THE SAME CATALOG SIZE - KsUv
VAR KEY, I: INTEGER; C: CHAR;
BEGIN
KEY:= 1: I:= 0;
REPEAT
I:= I + t; C:= ID[I];
IJF C <> ' ' THEN
KEEY:= KEY * QRD{C} MOD TABLE.FLENGTH +1;
ONTIL (C = ' '} OR (I = IDLENGTH);
HASH := KEY;
END;

PROCEDURE ENTRY LOQKUP
(ID: IDENTIFIER; VAR ATTR: FILEATTR; VAR FOUND: BOOLEAN;
DISK: IODEVICE) ;

VAR KEY, MORE, INDEX: INTEGER; ELEM: CATENTRY;
BEGIN
DISKUSE. REQUEST;
KEY:= HASH{ID):;
TABLE.READ(KEY, ELEM, DISK);
MORE:= FLEM.SEARCHLENGTH;
INDEX:= KEY; FOUND:= FALSE;
WHILE NOT FOUND & (MORE > 0) DO
BEGIW
TABLE.RFAD(INDEX, ELEM, DISE);
IF ELEM.ID = ID THEN
BEGIN ATTR:= BLEM.ATTR; FOUND:= TRUE END
ELSE
BEGIN
IF ELEM.KEY = KEY THEW MORE:= MORE - 1;
INDEX:= INDEX MOD TABLE. FLENGTH + 1;
END;
END;
DISKUSE.RELEASE;
END;

BEGIN INIT TABLE (TYPEUSE, CATADDR) EWND;
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TERRIERRRREERE
# DATAFILE #
FEHRRE AR AR

TYPE DATAFILE =
CLASS{TYPEUSE: TYPERESOURCE; DISKUSE: RESOURCE;
CATALOG: DISKCATALOG) ;

VAR FILE: DISKFILE; OPENED: BOOLEAN;
EFTRY LENGTH: INTEGER;

PROCEDURE ENTRY OPEN{(ID: IDENTIFIER; VAR FDOUOND: BCOLEAN);
VAR ATTR: FPILEATTR;
BEGIN
CATALOG. LOOKUP(ID, ATTR, FOUND, PRIVATEDISK) ;
IF FOUND THEW
BEGIN
DISKUSE.REQUEST;
FILE.OPEN(ATTR.ADDR, PRIVATEDISK):
LENGTH: = FILE.LENGTH;
DISKUSE.RELEASE;
END;
OPERED:= FOUND;
END:

PROCEDURE EWTRY CLOSE;
BEGIN

FILE.CLDSE;

LENGTH:= D3

OPENED:= FALSE;
END;

PROCEDURE ENTRY READ(PAGENO: INTEGER; VAR BLOCK: UNIV PAGE);
BEGIN
IF OPENED THEN
BEGIN
DI SKUSE.REQUEST;
FILE.READ (PAGENO, BLOCK, PRIVATEDISK);
DI SKUSE.RELEASE;
END;
END;

PROCEDURE ENTRY WRITE (PAGENO: INTEGER; VAE BLOCK: UNIV PAGE)};
BEGIN
IF DPEYED THEW
BEGIN
DISKUSE.REQUEST;
FILE.WRITE(PAGENO, BLOCEK, PRIVATEDISK);:
DISKUSE.RELEASE;
END;
END;
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BEGIN
INIT FPILE (TYPEUSE);
LENGTH:= 0;
OPENED:2= FALSE;
END;
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NEFFFREFRARERRERDRLRRRRRARES
# DPROGSTORE AND PROGFILE #
FRRERARABRBARRRRIZEITRERIRE

TYPE PROGSTATE = {(READY, NOTFOUND, NOTSEQ, TOOBIG);

CONST STORELENGTHT = 40;
TYPE PROGSTORE1 =
ABRAY [1..STORELENGTH1] OF PAGE;

TYPE PRCOGFILE] =
CLASS{TYPEOSE: TYPERESOURCE; DISKUSE: RESDURCE;
CATALOG: DISKCATAILOG) ;

"PROGRAM FILES ARE FOUND BY FIRST SEARCHING THE PRIVATE DISK
IF¥ NOT FOUND THERE, THE SYSTEM DISE IS THEN SEARCHED -EKsu"

VAR FILE: DISKFILE;
ENTRY STORE: PROGSTORE1;

PROCEDURE ENTRY OPEN(ID: IDENTIFPIER; VAF STATE: PROGSTATE} ;
VAR ATTR: FILEATTR; FOUND: BOQLEAN; PAGEWD: INTEGER;:
DISK: IO0DEVICE;
BEGIN
CATALOG. LOOKUP (ID, ATTR, FCUND, PRIVATEDISK) ;
IF FOUND THEN DISK:= PRIVATEDISK
ELSE BEGIN
CATALDG.LOOKUP (ID, ATTR, FOUND, SYSTEMDISK);
DISK:= SYSTEMDISK;
END;
WITH DISKUSE, FILE, ATTR DO
IF FOT FOUND THEN
STATE:= NOTFQUND ELSE
IF KIND <> SEQCODE THEW
STATE:= NOTSEQ ELSE
BEGIN
REQUEST;
CPEW {(ADDR, DISK):
IF LENGTH <= STORELENGTH1 THEN
BEGIN
FOR PAGENO:= 1 TO LENGTH DO
READ{PAGENO, STCRE[ PAGENO], DISK);
STATF:= READY;
END ELSE
STATE:= TOOBIG:
CLOSE;
RELEASE;
END;
END;
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BEGIN
INIT FILE(TYPEOSE);
END;

CONST STORELENGTH2 = 8;
TYPE PROGSTORE2 =
ARRAY [ 1..STORELEFGTH2] OF PAGE;

TYPE PROGFILEZ =
CLASS({TYPEUSE: TYPERESCURCE; DISKUSE: RESOURCE;
CATALOG: DISKCATALOG) ;

VAR FILE: DISEKFILE;
ENTRY STORE: PROGSTORE2;

PROCEDURE ENTRY OPEN(ID: IDENTIFIER; VAR STATE: PROGSTATE):
VAR ATTR: FILEATTR; FOUND: BOOLEAN; PAGEND: INTEGER;
DISK: IDDEVICE;
BEGIN
CATALOG, LOOKUP {ID, ATTR, FOUND, PRIVATEDISK) :
IF FOUND THEN DISK:= PRIVATEDISK
ELSE BEGIN
CATALDG. LOOKUP (ID, ATTR, FOUND, SYSTEMDISK);
DISK:= SYSTEMDISK;
END;
WITH DISKUSE, FILE, ATTR DO
IF NOT FOUND THEN
STATE:= NOTFOUND ELSE
IF KIND <> SEQCODE THEN
STATE:= NOTSEQ FELSE
BEGIN
REQUEST;
OPEN (ADDR, DISK):
IF LENGTH <= STORELENGTH2 THEN
BEGIN
FOR PAGENO:= 1 TO LENGTH DO
READ(PAGENO, STORE[ PAGENO], DISK);
STATE:= READY;
END ELSE
STATE:= TOOBIG;
CLOSF;
RELEASE;
END;
END:

BEGIN
INIT FILE (TYPEUSE);
EF¥D;
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NEFFRERRERIEDIRRIRNIVARAARRNES
# RESULTTYPE AND PROGSTACK #
FRESRFRBANINTAFINRIIRIRR AR AR

TYPE RESULTTYPE =
(TERMINATED, OVERFLOW, POINTERERROR, RANGEERROR,
VARIANTERROR, HEAPLIMIT, STACKLIMIT, CODELIMIT, TIMELIMIT,
CAL LERROR) ;

UWTYPE ATTRINDEX =
(CALLER, HEAPTOP, PROGLIFE, PROGRESULT, RURTIME) ;"

TYPE PROGSTACK =
MONITOR

CCNST STACKLENGTE = 53

VAR STACK: ARRAY [ 1..STACKLENGTH1 OF
RECORD
PROGID: IDENTIFIER;
HEAPADDE: FULLWORD
END;
™P: 0. .STACEKLENGTH;

FUONCTION ENTRY SPACE: BOOLEAN;
BEGIN SPACE:= (TOP < STACKLENGTH) END;

FUNCTION ENTRY ANY: BOOLEAN;
BEGIN ANY:= (TOP > 0) END;

PROCEDURE ENTRY PUSH(ID: IDENTIFIER)
BEGIN
IF TOP < STACELENGTH THEN
BEGIN
TP:= TOP + 13
WITH STACK[ TOP] DO
BEGIN
PROGID:= ID;
HEAPADDER:= ATTRIBUTE (ATTRHEAP) ;
END;
END;
END:

PROCEDURE ENTRY POP
(VAR LIWNE, RESULT: UNIV INTEGER):
CONST TERMIFATED = 0;
BEGIN
LINE:= ATTREIBUTE (ATTRLINE);
RESULT:= ATTRIBUTE (ATTRRSLT) ;
CASE RESULT OF
0: RESULT:=TERMINATED;
16, 17, 18: RESULT:=0RD (OVERFLOW) ;
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7: RESULT:=ORD (POINTERERROR) :
1, 2, 3, 4, S5z RESULT:=0ORD(RANGEERROR) ;
€: RESULT:=0RD (VARIANTERROR) ;
9: RESULT:=ORD (HEAPLIMIT);
B8: RESULT:=ORD(STACKLIMIT) ;
END;
IF EESULT <> TERMINATED THEN
SETHERP (STACK[{ TOP J.HEAPADDR) ;
TOoP:= TOP - 1;

END;
PROCEDUPE ENTRY GET (VAR ID: IDENTIFIER);
BEGIN

IF TOP > 0 THEN ID:= STACK[TOP 1.PROGID;
END;

BEGIN TOP:= 0 END;

CESERRARARRARRANNRELR R
# TASKKIND AND ARGTYPE #
ERRERESLRRSFRFEREIRRRIR R

TYPE TASEKEIND = (INPUTTASK, JOBTASK, OUTPUTTASK):

TYPE ARGTAG =
(RILTYPE, BOOLTYPE, INTTYPE, IDTYPE, PTRTYPE);

1]

ARGTYPE RECORD
TAG: ARGTAG;
ARG: IDENTIFIER

ENDg

CONST MAXARG
TYPE ARGLIST

10;
ARRAY [1..MAXARG) OF ARGTYPE;

nou

TYPE ARGSEQ = (INP, OUT);
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NEERERAERAAIRER
# ARGBUFFER #
FRERRFRERRRRRR

TYPE ARGBUFFER =

MONITOR

VAR BUFFER: ARGTYPE; FOLL: BOOLEAN;
SENDER, RECEIVER: QUEUE;

PROCEDURE ENTRY READ(VAR ARG: ARGTYPE);
BEGIN
IF NOT FULL THEN DELAY (RECEIVER);
ARG:= BUFFER; FULL:= FALSE;
CONTIFUE (SENDER) ;
END;

PROCEDURE ENTRY WRITE (ARG: ARGTYPE) ;

BEGIN
IF FULL THEN DELAY (SENDER);
BUFFER:= ARG; FULL:= TRUE;
CONTINUE (RECEIVER) 3

END;

BEGIN FULL:= FALSF END;

NERERRERRARRE RS
# LINEBUFFER #
FREEREFRFRRBRARY

TYPE LINEBUFFER =
MONITOR
VAR BOFFER: LINE; FULL: BOOLEAW; SENDER, RECEIVER: QUEDE;

PROCEDURE ENTRY READ{(VAR TEXT: LINE);

BEGIF
TF NOT FULL THEN DELAY(RECEIVER);:
TEXT:= BUFFER; FUOLL:= FALSE;
CONTINUE (SENDER) ;

END;

PROCEDURE ENTRY WRITE (TEXT: LINE) ;

BEGIN
IF FULL THEN DELAY (SENDER):
BUFFER:= TEXT; FULL:= TRUE;
CONTINUE (RECEIVER) ;

END;

BEGIN FUOLL:= FALSE END;
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VRERREPRERERERES
# PAGEBUFFER #
FERRRARRERRERR AR

TYPE PAGEBUFFER =

MONITOR

VAR BUFFER: PAGE; LAST, FULL: BOOLEAW;
SENDER, RECEIVER: QUEUDE;

PROCEDURE ENTRY READ (VAR TEXT: PAGE; VAR EOF: BOOLEAW) ;
BEGIN

IF NOT FULL THEN DELAY (RECEIVER);

TEXT:= BUFFER; EOF:= LAST; FULL:= FALSE;

CONTINUE (SENDER) ;
END;

PROCEDURE ENTRY WRITE (TEXT: PAGE; EOF: BODLEAN);
BEGIN
IF FULL THEW DELAY(SEFDER);
BUOFFER:= TEXT; LAST:= EOF; FULL:= TRUE;
CONTINUE (RECEIVER) ;
END;

BEGIN FULL:= FALSE END;
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PRIERFERARAERREE
#¢ CHARSTREAM #
FREERREIRARERAR

TYPE CHARSTREAM =

CLASS(BUFFER: PAGEBUFFER) ;

VAR TEXT: PAGE; COUNT: INTEGER; EOF: BOOLERAN;
PROCEDURE ENTRY READ(VAR C: CHAR);

BEGIN
IF COUNT = PAGELENGTH THEN

BEGIN
BUOFFER. READ(TEXT, EOF);
COUNT:== 0

END;

COUNT:= COUNT + 13

C:= TEXT[ COUNT ;

IF C = EM THENW

BEGIN
WHILE NOT EOF DO BUFFER.READ(TEXT, EOF) ;
COUNT:= PAGELENGTH;

END;

END;

PROCEDURE EWTRY INITREAD;
BEGIN COUNT:= PAGELENGTH END;

PROCEDURE ENTRY WRITE (C: CHAR) ;
BEGIN
COUNT:= COUNT + 1;
TEXT[ COUNT):= C;
IF (COUNT = PAGELENGTH) OR (C = EM) THER
BEGIN
BUFFER. WRITE (TEXT, FALSE): COUNT:= 0;3
IF C = EM THEN BUFFER.WRITE(TEXT, TRUE) ;
END;
END;

PROCEDURE ENTRY INITWRITE;
BEGIN COURT:= 0 END;

BEGIN END;

PAGE

76



PRAGE 77

iR REREIERRNE
# JOBPROCESS #
FRRBELRBERER AR

TYPE JOBPROCESS =

PROCESS
(TYPEUSE: TYPERESCURCE; DISKUSE: RESOURCE:
CATALOG: DISKCATALOG; INBUFFER, OUTBUFFER: PAGEBUFFER;
IFREQUEST, INRESPONSE, OUTREQUEST, OUTRESPONSE: ARGBUFFER;
STACK: PROGSTACK) ;

"PROGRAM DATA SPACE = " "4+24000"
"ESO - ALLOWS MAX DATA ADDRESSABILITYY

CONST MAXFILE = 2;
TYPE FILE = 1..MAXFILE;

CONST DATASIZE = 24000;
IYPE DATASPACE = ARRAY [1..DATASIZE] OF BYTE;
VAR

OPERATOR: TERMINAL; OPSTREAM: TERMINALSTREAM;
INSTREAN, OUTSTREAM: CHARSTRERAM;

FILES: ARRAY TFILE] OF DATAFILE;

CODE: PROGFILEI1;

ONIX:UNIXTO;

DATA: DATASPACE;

PROGRAM JOB (VAR PARAM: ARGLIST; STORE: PRDGSTOREI1;
DATALEN:INTEGER; VAR DATA: DATASPACE) ;

ENTRY READ, WRITE, OPEN, CLCSE, GET, PUT, LENGTH,
MARK, RELEASE, IDENTIFY, ACCEPT, DISPLAY, READPAGE,
WRITEPAGE, READLINE, WRITELINE, READARG, WRITEARG,
LOCKUP, TOTRANSFER, IOMOVE, TASK, RON,
UNIXOPEN, UNIXPEAD, UNIXWRITE, UNIXCLOSE, UNIXCREATE,
UNIXACCESS, ONIXCALL, EXIT;

PROCEDURE CALL (ID: IDENTIFIER; VAR PARAM: ARGLIST:
VAR LIKE: INTEGER; VAR RESULT: RESULTTYPE):
VAR STATE: PROGSTATE; LASTID: IDENTIFIER;

BEGIN
WITH CODE, STACK DO
BEGIN
LINE:z= 0;

OPEN (ID, STATE);
IF (STATE = READY) & SPACE THEN
BEGIN

PUSH(ID);
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JOB(PARAM, STORE, DATASIZE, DATA);
POP(LINE, RESULT);
END ELSE
IFP STATE = TOOBIG THEN RESULT:= CODELIMIT
ELSE RESULT:= CALLERROR;
IF ANY THEN
BEGIN GET(LASTID) ; OPEXN(LASTID, STATE) EFKD;
END;
END;

PROCEDURE ENTRY READ(VAR C: CHAR);
BEGIN INSTREANM. READ(C) END;

PROCEDURE ENTRY WRITE (C: CHAR)} ;
BEGIN OUTSTREAM.WRITE (C} END;

PROCEDURE ENTRY OPEN
(F: FILE; ID: IDENTIFIER; VAR FOUND: BOOLEAN) ;
BEGIN FILES{F¥1.O0PEN(ID, FOUND) END;

PROCEDURE ENTRY CLOSE(F: FILE) ;
BEGIY FILES[F 1.CLOSE END;

PROCEDURE ENTRY GET(F: FILE; P: INTEGER; VAR BLOCK: PAGE);
VAR NEWTIME: INTEGER;
BEGIN
FILES{ F]. READ (P, BLOCK);
E¥D;

PROCEDURE ENTRY PUT (F: FILE; P: INTEGER; VAR BLOCEK: PAGE);
BEGIN FILES[F .WRITE(P, BLOCK) END;

FUNCTION ENTRY LENGTH(F: FILE) : INTEGER;
BEGIN LENGTH:= FILES[ F].LENGTH END;

PROCEDURE ENTRY MARK(VAR TOP: FULLWORD) ;
BEGIN TOP:= ATTRIBUTE (ATTRHEAP) END;

PROCEDURE ENTRY RELEASE(TCP: FULLWOED);
BEGIN SETHEAP (TOP) END;

PROCEDURE ENTRY IDENTIFY(HEADER: L1INE) ;
BEGIN OPSTREAM.RESET(HEADER) END;

PROCEDURE ENTRY ACCEPT(VAR C: CHAR);
BEGIN OPSTREAM.READ(C) END;

PROCEDURE ENTEY DISPLAY(C: CHAR);
BEGIN OPSTREAM. HRITE(C) END;

PROCEDURE EWTRY READPAGE{VAR BLOCK: PAGE; VAR EOF: BOOLEAN);
BEGIN INBOFFER.READ(BLOCK, ECOF) END;
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PROCEDURE ENTRY WRITEPAGE(BLOCK: PAGE; EOF: BOOLEAN);
BEGIN CUTBUFFER.WRITE (BLOCK, EOF) END;

PROCEDURE ENTRY READLINE(VAR TEXT: LINE);
BEGIN END;

PROCEDURE ENTRY WRITELINE(TEXT: LINE) ;
BEGIN END;

PROCEDURE EWTRY REAUDARG (S: ARGSEQ; VAR RARG: ARGTYPE) ;
BEGIN
IF S = INP THEN INRESPONSE.READ{ARG)
ELSE OUTRESPCNSE.READ(ARG) ;
END;

PEOCEDURE ENTRY WRITEARG (S: ARGSEQ; ARG: ARGTYPE) ;
BEGIN
IF S = INP THEN INREQUEST.WRITE (ARG)
ELSE OUTREQUEST. WRITE({ARG) ;
EXD;

PROCEDURE ENTRY LOOKUP
(ID: IDENTIFIER; VAR ATTR: FILEATTR; VAR FOUND: BOOLEAV) ;

"CATALOG IS SEARCHED FOR PRIVATE DISK FOLLOWED BY SYSTEM DISK

ONLY SEQCODE FILES ARE FOUND ON THE SYSTEM DISK =

BEGIN
CATALOG. LOOKUP (ID, ATTR, FCUND, PRIVATEDISK);
IF NOT FCUND THEN BEGIN
CATALOG. LOOKUP (ID, ATTR, FOUND, SYSTEMDISE);
F)UOND:= FOUND AND (ATTR.KIND = SEQCODE) ;
END;
END;

PROCEDURE ENTRY IOTRANSFER
({DEVICE: TODEVICE; VAR PARAM: IOPARAM; VAR BLCCK: PAGE);
BEGIN
I¥ (DEVICE = PRIVATEDISK) CR (DEVICE = SYSTEMDISK) THEN
BEGIN
DI SKUSE.REQUEST;
ID (BLOCK, PARAM, DEVICE);
WITH PARAM DO
IF STATUS = ENDFILE THEN
STATUOS := COMPLETE;
DISKUSE.RELEASE;
END ELSE
I0 (BLOCK, PARAM, DEVICE):
E¥D;

PROCEDURFE ENTRY TOMOVE(DEVICE: IODEVICE; VAR PARAM: TOPARAM);

BEGIN IO (PARAM, PARAM, DEVICE) END;

FONCTION ENTRY TASK: TASKKIND;
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BEGIN TASK:= JOBTASK END;

PROCEDURE ENTRY RUN

(ID: IDENTIFIER; VAR PARAM: ARGLIST;

VAR LINE: INTEGER; VAR RESULT: RESULTTYPE);
BEGIN CALL (ID, PARAM, LINE, RESULT) END;

FONCTION ENTRY UNIXOPEN(VAR UNIXNAME:UNIX_NAME;
MODE:; INTEGER) : INTEGEER;
BEGIN ONIXOPENWN:=UNIXCPENS(UNIXINAME,MODE); END;

FONCTIOR ENTRY UNIXREAD(FILEDES:INTEGER; YAR BUF:PAGE;
LENGTHZINTEGER) : INTEGER;
BEGIN UNIXREAD:=UNIXREADS(FILEDES,BUF,LENGTE) ; END;

FONCTION ENTRY UNIXWRITE(FILEDES:IRTEGER;BUF:PAGE;
LENGTH: INTEGER) :INTEGER;
BEGIN OUNIX®WRITE:=UNIXWRITES(FILEDES,BUF,LENGTH) ; END;

FUONCTION ENTRY UNIXCLOSE(FILEDES:INTEGER):IWTEGER;
BEGIN UONIXCLOSE:=UNIXCLOSES(FILEDES); END;

FUNCTIOF ENTRY OUWIXCREATE{(VAR UNIXWAME:URIX_WAMNE;
MODE:INTEGER) : INTEGER;
BEGIN UNIXCREAT:=UNIXCREATES(UNIXNAME,MODE); END;

FUNCTION ENTRY UNIXACCESS(VAR UNIXNAME:UNIX_ NAYE;
MODE:INTEGER) :INTEGER;
BEGIN UNIXACCESS:=UNIXACCESES(UNIXNAME,MODE)}; END;

PROCEDURE ENTRY UWIXCALL;
BEGIN CALLUNIX END;

PROCEDURE EWTRY EXIT;
BEGIN QUIT END;

PROCEDURE INITIALIZF;
VAR T: INTEGER; PARAM: ARGLIST;
LINE: INTEGER; RESULT: RESULTTYPE:
BEGIN
INIT OPERATOR (TYPEUSE), OPSTREAM(OPERATOR),
INSTREAM{INRUFFER), OUTSTREAM (OUTBUFFER);
INSTREAM. INYTREAD; OUTSTREAM.INITWRITE;
FOR I:= 1 TO MAXFILE DO
INIT FILES[ I ](TYPEUSE, DISKUSE, CATALDG);
INIT CODE (TYPEUSE, DISKUSE, CATALOG) ;
WITH PARAM[ 2] DO
BEGIN TAG:= IDTYPE; ARG:= 'CONSOLE32 ' END:
CALL (*DD32 ', PARAM, LINE, RESULT) ;
OPERATOR. WRITE {'JOBPROCESS: (:10:)', *TFRMINATED (:10:)'});
END;

BEGIN INITIALIZE ENWND;
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NEERERREAREIRRD
# TOPROCESS #
FERBRBRARERRRBY

TYPE IOPROCESS =

PROCESS
(TYPEUSE: TYPERESOURCE; DISKUSE: RESOURCE;
CATALOG: DISKCATALOG; SLOWIO: LINEBUFFER;
BUFFER: PAGEBUFFER; REQUEST, RESPONSE: ARGBUFFER;
STACK: PROGSTACK; YOTASK: TASKKIND) ;

"PROGRAM DATA SPACE = " %"+2000"

CONST DATASIZE
TYPE DATASPACE

12000;
ARRAY [1..DATASIZE] OF BYTE;

TYPE FILE = l..1;

VAR

OPERATOR: TERMINAL; OPSTREAM: TERMINALSTREAM;
JOSTREAM: CHARSTREAM; IOFILE: DATAFILE;

CODE: PROGFILE2;

DATA: DATASPACE;

PROGRAM DRIVER(VAR PARAM: ARGLIST; STORE: PROGSTORE2;
LEN:INTEGER; VAR DATA:DATASPACE) ;

ENTRY READ, WRITE, OPEN, CLOSE, GET, PUT, LENGTH,
MARK, RELEASE, IDENTIFY, ACCEPT, DISPLAY, READPAGE,
WRITEPAGE, READLINE, WRITELINE, READARG, WRITEARG,
LOCKUP, ICTRANSFER, IOMOVE, TASK, RUN,
UNIXOPEN, UNIXREAD, UNIXWRITE, OUNIXCLOSE, UNIXCREATE,
ONIXACCESS, UNIXCALL, EXIT;

PROCEDURE CALL (ID: IDENTIFIER; VAR PARAM: ARGLIST;
VAR LINE: INTEGER; VAR RESOULT: RESULTTYPE);
VAR STATE: PROGSTATE; LASTID: IDENTIFIER;

BEGIN
WITH CODE, STACK DO
BEGIW
LINE:= 0;

OPEN (ID, STATE);

IF (STATE = READY) & SPACE THE¥

BEGIN
PUSH(ID);
DRIVER(PARAM, STORE, DATASIZE, DATA);
POP (LINE, RESULT);

END ELSE

IF STATE = TOOBIG THEN RESULT:= CODELIMIT

ELSE RESULT:= CALLERROR;
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IF ANY THEN
BEGIN GET (LASTID) ; OPEN(LASTID, STATE END;
END;
END;

PROCEDURE ENTRY READ(VAR C: CHAR) ;
BEGIN IOSTREAM.READ{C) EWD;

PROCEDURE ENTRY WRITE (C: CHAR} ;
BEGIN IOSTREAM,WRITE({C) EWND;

PROCEDURE ENTRY OPEN
(F: FILE; ID: IDENTIFIER; VAR FOU¥WD: BOOLERN);
BEGIN JOFILE. OPEN{(ID, FOUND) END;

PROCEDURE ENTRY CLOSE (F: FILE);:
BEGIN IOFILE.CLOSE END;

PROCEDURF ENTRY GET (F: FILE; P: INTEGER; VAR BLOCK: PRAGE);
BEGIN IOFILFE.READ (P, BLCCK) END;

PROCEDURE ENTRY PUT(F: FILE; P: INTEGER; VAR BLOCK: PAGE);
BEGIN IOFILE.WRITE(P, BLOCK) END;

FONCTION ENTRY LENGTH({F: FILE): INTEGER;
BEGIF LENGTE:= YOFILE.LENGTH END;

PROCEDURE ENTRY MARK(VAR TOP: FULLWORD);
BEGI¥ TOP:= ATTRIBUTE (ATTRHEAP) END;

PROCEDURE ENTRY RELEASE(TOP: FULLWORD)
BEGIN SETHEAP (TOP) END;

»ae

PROCEDURE ENTRY IDERTIFY(HEADER: LINE)
BEGIN OPSTREARM.RESET(HEADER) END;

PROCEDURE ENTRY ACCEPT(VAR C: CHAR);
BEGIN OPSTREAM.READ(C) ERD;

PEOCEDURE EVTRY DISPLAY{C: CHAR):;
BEGIN OPSTRFAH.WRITE(C) END;

PROCEDURE ENTRY READPAGE {VAR BLOCK: PAGE; VAR EOF: BOOLEAN) ;
BEGIN BUFFER.READ(BLOCEK, EOF) END;

PROCEDUEE FNTRY WRITEPAGE(BLOCK: PAGE; EOF: BOOLEAN):
BEGIN BUFFER.,WRITE(BLOCK, EOF) END;

PROCEDURE ENTRY READLINE(VAR TEXT: LINE);
BEGIN SLORIO. READ(TEXT) END;

PROCEDURE ENTPY WRITELIRE(TEXT: 1LIWVE):
BEGIN SLOWIO. WRITE(TEXT) END;
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PROCEDURE ENTRY READARG(S: ARGSEQ; VAR ARG: ARGTYPE):
BEGI¥ REQUEST.READ (ARG) EWD;

PROCEDURE ENTRY WRITEARG(S: ARGSEQ; RRG: ARGTYPFE);
BEGIN RESPONSE. WRITE (ARG) END;

PROCEDURE ENTRY LOOKUP
{ID: IDENTIFIER; VAR ATTR: FILEATTE; VAR FOUND: BOOLEAN);

WPRIVATE DISK IS SEARCHED FIRST, FOLLOWED BY SYSTEM DISK
ONLY SEQCODE FILES ARE FOUKND CO¥ TH¥ SYSTEM DISK - ESOgn
BEGIN
CATALOG. LOOKUP (ID, ATTR, FOUND, PRIVATEDISK) ;
IF NOT FOUND THEN BEGIN
CATALOG.LOOKUP(ID, ATTR, FOUWND, SYSTEMDISK):
FOUOND:= FOUND AND (ATTR.EKEIND = SEQCODE);
END;
END;

PROCEDURE ENTRY IOTRANSPER
(DEVICE: IODEVICE; VAR PARAM: ICPARAM; VAR BLOCK: PAGE);
BEGIN
IF [DEVICE = PRIVATEDISK) OR (DEVICE = SYSTEMDISK) THEN
BEGI N
DISKUSE.REQUEST;
I0 (BLOCK, PARAM, DEVICE):
WITH PARAM DO ngS O
IF STATUS = ENDFILE THEN
STATUS:= COMPLETE; ngs g
DISKUSE.RELEASE;
END ELSE
ID (BLOCK, PARAM, DEVICE);
END;

PROCEDURE ENTRY IOMOVE(DEVICE: IODEVICE; VAR PARAM: TOPARRN);
BEGIN JIO(PRRAM, PARAM, DEVICE) END;

FUNCTION ENTRY TASK: TASKKIND;:
BEGIN TASK:= IOTASK END;

PROCEDURE ENTRY RUN

(ID: IDENTIFIER; VAR PARAM: ARGLIST;

VAR LINE: INTEGER; VAR RESOULT: RESULTTYPE};
BEGIN CALL (ID, PARAM, LINE, RESULT) END;

FUNCTION ENTRY UNIXOPEN (VAR UNIXNAME:UNWNIX NAME;
MODE:INTEGER) : INTEGER;
BEGIFN UNIXOPEW:=UNIXOPENS(UNIXNAME,MODE); END;

FUONCTION ENTRY UNIXREAD (FILEDES:INTEGER; VAR BUF:PAGE;
LENGTH:INTEGER) : INTEGER;
BEGIN UNIXREAD:=UNIXREADS(FILEDES,BUF,LENGTH) ; END;

FONCTION ENTRY OUNIXWRITE(FILEDES:INTEGER;BUF:PAGE;
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LENGTH: INTEGER) :INTEGER;
BEGIN UFNIXWRITE:=UONIXWRITES(FILEDES,BUF,LENGTH) ; END;

FONCTIOR ENTRY UNIXCLOSE(FILEDES:INTEGER):INTEGER;
BEGIN UNIXCLOSE:z=UNIXCLOSES(FILEDES):; END;

FUONCTION ENTRY UNIXCREATE(VAR UNIXNAME:UNIX_NANE;
MODE:INTEGER) : IFTEGER;
BEGIN UNIXCREAT:=UNIXCREATES(UNIXNAME,MODE); END;

FUONCTION ENTRY ONIXACCESS (VAR UNIXVAMEZUNLX_WAME;
MODE:INTEGER) : INTEGER;
BEGIN OWIXACCESS:=UNIXACCESES(UNIXNAME,MODE); END;

PROCEDURE ENTRY UMNIXCALL;
BEGIN CALLUNIX END;

PROCEDURE ENTRY EXIT;
BEGIN QUIT END;

PROCEDURE INITIALIZE;
VAR PARAM: ARGLIST; LINE: INWNTEGER; RESULT: RESULTTYPE;
BEGIN
INIT OPERATOR(TYPEUSE), OPSTREAM(OPERATOR},
IDSTREAM{BUFFER),
IJFILE (TYPEUSE, DISKUSE, CATALCG),
CODE (TYPEUSE, DISKUSE, CATALOG):
IF IOTASK = INPUTTASK THEN ITOSTREAM.INITVRITE
ELSE IOSTREAM.INITREAD;
CALL (*I032 ", PARAM, LINE, RESULT}
OPERATOR. WRITE (*IOPROCESS: (:10z) %', YTERMINATED (:10:) ') ;
END;

BEGIN IWITIALIZE EWND;
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NERFETERRRRR NSRS
# CARDPROCESS #
#ERFRRRARRARRARR

TYPE CARDPROCESS =
PROCESS
(TYPEUSE: TYPERESOURCE; BUFFER: LINEBUFFER);

"CARDSPRCCESS HAS BEEN MODIFIED FOR THE
USE 2F A VIRTUAL READER - Ksg©
Y"ENDFILE OR ENDMEDIUM CAUSES THE PROCESS TO TFRMINATE"

VAR OPERATOFR: TERMIWAL; TEXT: LINE;
PARAM: YOPARAM; OEK, ENDF: BOOLEAN;
BEGIN
INIT OPERATOR (TYPEOSE) ;
PARAM.OPERATION:=:= INPUT;
ENDF:= FALSE;
REPEAT
REPEAT
IO (TEXT, PARAM, CARDDEVICE) ;
CASE PARAM.STATOS OF
COMPLETE:
0K:= TRUE:
INTERVENTION, FAILURE:
BEGIN 0DK:= FALSE; WAIT END;
ENDFILE, ENDMEDIUM: MWESUO - SUPPORTS VIRTUAL READER™
BEGIN QOK:= TRUE; ENDF:= TRUE; END:
TRANSMISSION:
BEGIN
OPERATOR.WRITE('CARDS: (:=:10:)', *"BRROR(:10:=)%);
OK:= FALSE;
END
END;
ONTIL OK;
BUFFER. WRITE (TEXT) ;
UNTIL ENDF:
OPERATOR. WRITE {"CARDS: (z10:)", YTERMIFWATED(:10:) ") ;
END;
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NEEARRRLRERIPRARRR
# PRINTERPROCESS #
FFEFRAFRBFREFRIRRER

TYPE PRINTEFPROCESS =
PROCESS
(TYPEUSE: TYPERESOURCE; BUFFEPF: LINEBUFFER) ;

VAR OPERATOR: TERMINAL; PARAM: JOPARANM;
TEXT: LINE;

BEGIN
INIT CPERATOR (TYPEUSE) ;
PARAM.OPERATION:2= OUOTPUOT:
PARAM.ARG:=80;
CYCLE
BUFFER. READ (TEXT) ;
I0 (TEXT, PARAM, PRINTDEVICE) ;
JF PARAM.STATUS <> COMPLETF THEN
BEGIN
OPERATOR. WRITE(YPRINTEE: (:10:)', 'INSPECT(:10:)");
REPEAT
I0 (TEXT, PARAM, VARDEVICE);
URTIL PARAM.STATUS = COMPLETE;
END:
END:
END;
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# LOADERPROCESS #
FRERRFRARFERIIRRT

TYPE LOADERPROCESS=
PROCESS(DISEUSE: RESOURCE) ;

CONST SOLOADDR = 24;

VAR PARAM: IOPARAM; J:IVTEGER; LN:FULLWCRD;

PROCEDURE INITIALIZE{PAGENO: UNIV ICARG);

BEGIN
WITH PARAM DO
BEGIN
OPFRATION:
ARG:= 1;
END;
END;

CONTROL;

BEGIN
J:=SCLOADDR; INITIARLIZE(J);
"AWAIT BEL SIGHRAL"™
TO(PARAM, PARAM, TYPEDEVICE) ;
“LOAD SOLO SYSTENM"
"DISKUSE. REQUEST:"
IO(PARAM, PARAM, PRIVATEDISK);
DISKUSE.RELEASE;

END;

PAGE
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NERRERFRERRR 2440
# INITIAL PROCESS #
(2222222222222 22222200

VAR

TYPEUSE: TYPERESOURCE;

DISKUSE: RESOURCE; CATALOG: DISKCATALOG;

INBOFFER, OUTBUFFER: PAGEBUFFER;

CARDBUFFER, PRINTERBUFFER: LINEBUFFER;

INREQUEST, INBESPONSE, OUTREQUEST, OUTRESPONSE: ARGBUFFER;
INSTACK, OUTSTACK, JOBSTACK: PROGSTACK;

READER: CARDPROCESS; WRITER: PRINTERPROCESS;

PRODUCER, CONSUMER: IQPROCESS; MASTER: JOBPROCESS;

WATCHDOG: LOADERPROCESS;

BEGIN
INIT

TYPEUSE, DISKUSE,

CATALOG (TYPEUSE, DISKUSE, CATADDR),

I¥ BUFFER, OUTBUFFER,

CARDBUFFER, PRINTERBUFFER,

INREQUEST, INRESPONSE, OUTREQUEST, OUTRESPONSE,

INSTACK, OUTSTACK, JOBSTACK,

WATCHDOG (DISKUSE) ,

READEPR (TYPEUSE, CARDBUFFER),

WRITER (TYPEUSE, PRINTERBUFFER),

PRODUCER (TYPEUSE, DISKUSE, CATALOG, CARDBUFFER,
INBOUFFER, INREQUEST, INRESPONSE, INSTACK, INPUTTASK),

CONSUMER (TYPEUSE, DISKUSE, CATALOG, PRINTERBUFFER,
OUTBUFFER, OUTREQUEST, OUTRESPONSE, OUTSTACK,
OUTPUTTASK) ,

MASTER (TYPEUSE, DISKUSE, CATALOG, INBOFFER, OUTBUFFER,
INREQUEST, INRESPONSE, OUTREQUEST, OUTRESPONSE,
JOBSTACK) ;

END.
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APPENDIX D

SEQUENTIAL PASCAL PROGRAMS
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"UTILITY PROGRAMS FOR
THE SOLO SYSTEN"

"HODIFIED TO RUN UNDER UNIX BY
MARTIN WILDE

FEBRUARY 19840

TRERER SRR
# PREFIX #
BR800
TYPE INTEGER = SHORTINTEGER;

CONST BL = "(210:2)°'; FF = Y (z2122)'; CE = " {:213:)°*;
EM = ¥ {:25:2)'; NOLL = " (:00z) '

CONST PAGELENGTH = 512;
TYPE PAGE = ARRAY (.1..PAGELENGTH.) OF CHAR;

CONST LINELEWGTH = 132;
TYPE LINE = ARRAY (.1..LINELENGTH.) OF CHAR;

CONST IDLENGTH = 12;
TYPE IDENTIFIER = ARRAY (.1..IDLENWNGTH.) OF CHAR;

CONST UNIXLENGTH = 13;
TYPE UNIX_NAME = ARRAY {.1..0NIXLENGTH.) OF CHAR;

TYPE FILE = 1..2;

TYPE FILEKIND (EMPTY, SCRATCH, ASCII, SEQCODE, CONCODE);
PACKED RECORD

KIND: FILEKIY¥D;:

ADDR: INTEGER:

PROTECTED: BOOLEAN;

NOTUSED: ARBAY (.1..5.) OF INTEGER
END;

TYPE FILEATTR

TYPE IODEVICE
(TYP EDEVICE, DISKDEVICE, TAPEDEVICE, PRINTDEVICE,
CARDDEVICE) ;

TYPE IOCPERATION = (INPUT, OUTPUT, MOVE, CONTROL) ;
TYPE IOARG = (WRITEEOF, REWIND, UPSPACE, BACKSPACE):
TYPE IORESULT =

(CCMPLETE, INTERVENTION, TRANSMISSION, FAILURE,
ENDFILE, ENDMEDIUM, STARTMEDIUHN);
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TYPE IOPRARAHM

TYPE TASKFIND

TYPE ARGTAG
({NILTYPE,

TYPE POINTER

TYPE ARGTYPE

CONST MAXARG
TYPE ARGLIST

TYPE ARGSEDQ =

TYPE

PROGRESULT
(TEEMINATED, OVERFLOW,
VARIANTERROR, HEAPLIMIT,

=PACKED RECORD
OPERATION: IOOPERATION;
STATUS: IORESULT;
ARG: 0..327¢8
END;

(INPUTTASE, JOBTASK, OUTPUTTASK) ;

BOOLTYPE, INTTYPE, IDTYPE, PTRTYPE);

@?BOOLEAN;

RECORD
CASE TAG:
NILTYPE,
INTTYPE:
IDTYPE:
PTRTYPE:

ARGTAG OF
BOCLTYPE: (BOOL:
(INT: INTEGER) ;
(ID: IDENTIFIER);
{PTB: POINTER)

BOOLE

END;

103
ARRAY (.1..MAXARG.) OF ARGTYPE;

w ot

(INP, OUT) ;

POINTERERROR, RANGEERROR,
STACKLIMIT, CODELIMNIT,

CALLERROR) ;

PAGE

AN} ;
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TIMELIMIT,

PROCEDURE READ(VAR C: CHAR);

PROCEDURE WRITE (C:

PROCEDURE
PROCEDURE CLOSE (F:

OPEW(F: FILE; ID: IDENTIFIER;

CHAR) ;

VAR FOUND:
FILE) :

PROCEDURE
PROCEDUERE

FONCTION LENGTHFILE(F: FILE):

PROCEDURE
PROCEDURE

PROCEDURE
PROCEDUGRE
PROCEDURE

PROCEDURE
PROCEDURE
PROCEDUORE
PROCEDURE
PROCEDURE
PROCEDURE

GET (F:
POT (F:

ONIY
ORIV

FPILE; P:
FILE; P:

INTEGER; VAR
INTEGER; VAR
INTEGER;

BLOCK:
BIOCEK:

MAREK {VAR TCP: INTEGER)
RELEASE (TOP: INTEGER) ;

LAl

IDENTIFY (HEADER: LINE)
ACCEPT{VAR C: CHAR);
DISPLAY (C: CHAR) ;

READPAGE (VAR BLOCK: UNIV PAGE; VAR EOF:
WPITEPAGE({BLOCK: UNIV PAGE; EOF: BOOLEANW
READLINE(VAR TEXT: UONIV LINE);

WRITELIWNE (TEXT: UNIV LINE) ;
READARG (S: ARGSEQ; VAR ARG:
WRITEARG (S: ARGSEQ; ARG:

ARGTYPE) ;
ARGTYPE) ;

BOOLEAN)} ;

PAGE) ;
PAGE} ;

BOOLEAN) ;
)
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PROCEDURE LOOQOKUOP {ID: IDENTIFIER; VAR ATTR: FILEATTR;
VAR FOUND: BOOLEAYN) ;

PROCEDURE TOTRANSFER

(DEVICE: TODEVICE; VAR PARAM: ICPARAM;

VAR BLOCEK: UNIV PAGE) ;
PROCEDURE IOMOVE (DEVICE: IODEVICE; VAR PARAM: IOPARAM) ;
FUNCTION TASK: TASKKIND;

PROCEDURE ROUN (ID: IDENTIFIER; VAR PARAM: ARGLIST;
VAR LINE: INTEGER; VAR RESULT: PROGRESULT) ;

FUNCTION UNIXOPEW(VAR UNIXNAME:UNIX_FWAME;
MODE:INTEGER) : INTEGER;

FUNCTION UNIXREAD (FILEDES:IFTEGER; VAR BUTF:PAGE;
LENGTH:;INTEGER) :INTEGER;

FUNCTION UNIXWRITE (FILEDES:IRTEGER;BUF:PAGE;
LENGTH:INTEGER) :INTEGER;

FONCTION UNIXCLOSE(FILEDES:INTEGER) :INTEGER;

FONCTION UONIXCREATE (VAR UNIXNAME:UNIX_NAME;
MODE:INTEGER) :INTEGER;

FUNCTION ONIXACCESS{VAR UNIXNAME:UNIX_NAME;
MODE:INTEGER) : INTEGER;

PEOCFDURE CALLUNIX;
PROCEDURE EXIT;

PROGRAM P(VAR PARAM: ARGLIST);
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10 3 sk sk sde s o o ofeade o sl ok ool s e ol sl sk o sk sk sk s sk sk skok e ook sk skoke ok ek kR kR ok ok Rk kR kk kb ok
ONIX 32

THE FOLLOWING PROGRAM IS UTILIZED UNDER SOLO TO
IRPUT AND OUTPUT FILES TO AND FROM UNIX.

INPUT:
WHEN A FILE IS DESIRED TO BE INPOT THAT EXISTS
ONDER ONIX THE COMMAND UNIX32 (INPUT,FILENAME, KIND)
IS ENTERED. THE ONIX FILE IS CHECFKED TO SEE IF
THE USER HAS READ ACCESS TO A FILE BEFORE IT IS
READ IN. IF THE USER DCES NOT HAVE ACCESS AN
ERROR MESSAGE IS PRINTED ERTAILING ACCESS DENRIED.
IF THE USER DOES HAVE ACCESS TO THE FILE THEN THE
FILE IS READ IN AND THE FILE32 PROGRAM IS RUN TO
STORE THE ¥ILE ONTO THE VIRTUAL DISK.

OUTPUT:
WHEN A FILE IS DESIRED TO BE OUTPUT TO THE ONIX
FILE SYSTEM, TBE USER MAY EFTER THE COMMAND:
UNIX32 (OUTPUT,FILENAME). THE SCLO FILE IS THENWN
CHECKED TO SEE IP IT EXISTS IN THE CATALOG AND TIF
IT DOES, THE UNIX FILES ARE THEN CHECKED TO SEE
IF THE FILE NEEDS TO BE CREATED 0OR NOT. IF THE
FILE ALREADY EXISTS, TEEN THE FILE IS OPENED FOR
A WRITE AND THE WRITE ACCESS IS CHECKED FOR THE
FILE. IF THE FILE DOES NOT EXIST IN THE CATALOG
AN ERROR MESSAGE IS DISPLAYED To THE USER. IF
THE FILE DOES NOT EXIST IN THE UNIX FILE SYSTEHN,
THE FILE IS THEN CREATED AND ACCESS FOE ALL IS
GIVEN TO THE FILE.
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CONST

MAPLENGTH = 255; ®LENGTH OF A SOLO FILEY
CATPAGELENGTH = 16; "“NOMBER OF CATALDG PAGES"
NONAME = ¢ Y; MBLANK CATALOG ENTRY®
CATFILE = 1; "CATALOG FILE NUMBERY

TYPE

VAR

9y

FILEMAP = PACKED RECORD "TEMPORARY FILE ON VIRTUOAL DISK"

FILELENGTH: SHORTINTEGER;

PAGESET: ARRAY (.1..MAPLENGTH.) OF SHORTINTEGER

END:

CATENTRY = PACKED RECORD "CATALOG ENTRY FOR A FILE"
ID: IDENTIFIER;
ATTR: FILEATTR;
KEY, SEARCHLENGTH: INTEGER
END;

CATPAGE = ARRAY (.1..CATPAGELENGTH.) OF CATENTRY;
WA CATALOG PAGE"™

CAT: RECORD “PROGRAM VARIABLE OF A FILE"
INDEX: INTEGER;
CHANGED: BOOLEAN;
BLOCK: CATPAGE
END;

CATLENGTH: INTEGER; "LEFGTH OF THE CATALOGY
BUCKET: RECORD T"FILES PARAMETERSY"
NAME: IDENTIFIER;
START, LENGTH, IFDEX: INTEGER
END;

KIND: FILEKIND; "“TYPE OF FILE"

FOUND: BOOLEAN; T"“INDICATOR OF FILE IS IN CATAIOG"
FILENAME:IDENTIFIER; "NAME OF THE FILE®
MAP:FILEMAP; YCONTENTS OF THE NEXT FILE"
LENGTH:INTEGER; "“HNUMBER OF PAGES IN A FILE"
JK:BOOLEAN; "CONTINUATION INDICATORW
CONTINOE:BOOLEAN; "CONTINUATIOK INDICATORY
DIRECTION: BOOLEAN;

WTRUE FOR INPUT AND FALSE FOR OUTPUT OPERATIONS™
OUNIXNAME:OUNIX_NAME; "13 CHARACTER UNIXNAME®
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E 3 ¥
* THE FOLLOWING PROCEDURE - WRITETEXT - OUTPUTS *
* A LINE OF TEXT TO THE USER ON THE CONSOLE. *
* *
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PROCEDURE WRITETEXT (TEXT:LINE) ;
YAR I<INTEGER; C:CHAR; "TEXT POINTER AND OUTPUT CHARACTER™

BEGIN "“OUTPUT A LINE OF TEXT TO THE CONSOLE"
:=1;
C:=TEXT[I];
WHILE C <> '"§¢ DO
"3 UTPUT CHARACTERS UFTIL A DOLLAR SIGN IS FOUNDW™

BEGIN
DISPLAY(C); ™"DISPLAY CHARACTER"™
I:=I+1;
C:=TEXT[I]

END ;

DISPLAY (ML) “FORCE A LINE FEED ON THE CONSOLE"®
END; T"END OF WRITETEXTY
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#* 3
* THE PROCEDURE - HELP - PRINTS EELP MESSAGES TO *
¥ THE USER WHEN AW ILLEGAL COMMAND LINF IS ENTERED. *
* 3%

S e e o ok o sl e stk sl ok dkokokokole ekt ool ok ook ke dokok okl kol ok ke sk ok ok kel ok ok R ok R D

PROCEDURE HELP;

BEGIN "DISPLAY HELP MESSAGES™"
WRITETEXT (*TRY AGAINS') ;

WRITETEXT (* UNIX32 (INPOT,FILENAME,EKIND) $');
WRITETEXT (° UNIX32(0oUTPUT,FILENAME) $') ;
WRITETEXT (! WHERE FILENAME:IDENTIFIERS');

WRITETEXT (°
KIND: (SCRATCH,ASCII,SEQCODE, CONCODE) ') ;
END; WEND OF HELP MESSAGES"™
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* ¥
* THE PROCEDURE - CHECKKIND - CHECKS THE FILETYPE  *
* T0 SEE IF THE FILE KIND IS LEGAL. =
3 *
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PROCEDURE CHECKEKIND (ID:IDENTIFIER; VAR KIND:FILEEIND;
VAR CE:BOOLEAN) ;

BEGIN M"CHECK FILETYPESY

OK : =TRUE;

IF ID = '"SCRATCH ' THEN KIND:=SCRATCH ELSE IF
ID = 'ASCII Y THEN KIND:=ASCII ELSE IF
ID = ' SEQCODE * THEW KIND:=SEQCODE EILSE IF
ID = "CONCODE ' THEN KIND:=CONCODE

ELSE OK:=FALSE
END; "END COF CHECKEINDY®
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%

* THE PROCEDURE — SAVEFILE — SAVES AN INPUTTED FILE
* OF THE VIRTUAL DISK. THE PROCEDURE SETS THE

* PARAMETERS AND CALLS THE FILE32 PROGRAM TO STORE THE
*# FILE OF THE VIRTUAL DISK. IF THE FILE32 PROGRAM FAILS
*
*
&

* O3 % % #

AN ERROR IS RFPCORTED TC THE USER.
*
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PROCEDURE SAVEFILE;

VAR LINE:INTEGER; "LINE OF WHICH ERROR OCCURREDY
RESULT:PROGRESULT; "RESULT OF FILE EXECUTIONM
LIST:ARGLIST; "PARAMETERS FOR THE FILE32 PROGRAMY

BEGIN "SAVEFILE"
WITH LIST(1] DO
BEGIN "SET TAG TO BE FALSE"
TAG: =BOCLTYPE;
BOOL:=FALSE;
END;

WiTH LIST{2} DO
BEGIN "SET ACTIION TO CREATE"Y
TAG:=IDTYPE;
ID:=*CREATE 1
END;

WITH LIST[3]1 DO
BEGIN "INCLUDE FILENAME"
TAG: =IDTYPE;
ID:=FILENAME;
END;

WITH LIST{&7 DO
BEGIN VYINCLUDE FILELENGTHY
TAG:=INTTYPE;
INT:=LENGTH;
END;

WITH LIST[5] DO
BEGIN "SET TYPE OF FILE TO BE CREATED"
TAG: =IDTYPE;
CASE KIND OF

SCRATCH:ID:="SCRATCH Nim

ASCIT:ID:="ASCIT v

SEQCODE:ID:=*SEQCODE vis

CONCODE:ID:='"CONCODE bt~
END;

END;

WITH LIST[&] DO
BEGIN "SET LAST TAG TO BE FALSE"



TRAG:=BOOLTYPE;
BOOL: =FALSE;

EWD;
W"STORE PROGRAM ON VIRTUAL DISK"
RURN ('"FILE32 ',LIST,LINE,RESULT);

IF (RESULT <> TERMINATED) OR ROT LISTf 17.BOOL
FRITETEXT (*DESTINATION FILE LOST$'):
"DISPLAY ANY ERROR MESS AGES"

END; "EKND OF SAVEFILE"

THEN
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*

* THE PROCEDURE - GETUNIXNAME - CCNVERTS THE

*¥ JINPUTTED INTO THE PROPER FORMAT FOR A FILE OPEN ONDEPR
* UNIX,. UGNIX REQUIRES THE FILENAME TO BE TRUNCATED BY 2
* NOLL SYMBOL.
&
*

LR K BB a8

*
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PROCEDURE GETUNIXZNAME (NAME:IDENTIFIER) ;

¥AR I:sINTEGER; "“ARRAY INDEX"

BEGIN
ONIXNAME: =" Yoy
I:=1;

REPEAT WTRANSFER CHARACTERS FROM ARRAY TO ARRAY™
UNIINAME[ I7:=NAME[IT;
T:=I+1%;

ONTIL (I = 13) OR (WAME[I] = * *);

ONIXNAME[ I]:=NULL;

"SET LAST POSITION TO BE R WULL FOR UNIX™
END;
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* *
* THE PROCEDURE — READCATPAGE - READS A PAGE FROM ¥
¥ THE CATALOG. THE PAGE TO READ IS PASSED TO IT. *
* *
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PROCEDURE EEADCATPAGE(I: INTEGER; VAP ELEM: CATERTRY);
VAR PAGENO: INTEGER; "PAGE NUMBER OF THE FILES PAGE"Y

BEGIN "READ R CATALOG PAGE"
WITH CAT DO
BEGIN
PAGEFNO := (I - 1) DIV CATPAGELENGTH + 1;
IF INDEX <> PAGENO THEN
BEGIN "SEARCH UONTIL PAGE FOUNWD"™
IBDEX := PAGENO;
GET (CATFILE, INDEX, BLCCK)
END;

ELEM := BLOCK(.{(I - 1) MOD CATPAGELENGTH + 1 .)
E¥D
ENWND;
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*
* THE FONCTION - HASH - CONVERTS A FILENAME INTO
* AN INTEGER THAT CANW BE USED AS AN INDEX INTO THE
* CRTALOG.
*
*

# o3 9

*
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FONCTION EASH (ID: IDENTIFIER) : INTEGER;

VAR EKEEY, I: INTEGER; "TEMPORARY VARIABLESW
C: CHAR;

BEGIW "“HASH A FILENAME"
KEY := 1;
I := 03
REPEAT YCONTINUE UNTIL ENXD OF THE NAME REACHED"Y
I := I+1;
C := ID(.T1.):;
IF C <> ' ' THEN EEY := KEY*ORD(C) MOD CATILENGTH + 1
"FOLDING OF NAMEW
UNTIL (C=' ') OR (I=IDLENGTH):
HASH := KEY
END;
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* %
* THE PROCEDUORE - GETCAT - INPUTS THE CATFILE INTO *
* THE CATALOG RECORD, *
* *
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PROCEDURE GETCAT (I: INTEGER);
VAR PAGENO: INTEGER; "“PAGE NUMBEER OF THE FILE"

BEGIN "GET CATALOG FILE™
WITH CAT DO
BEGIN
PAGENO := (I-1) DIV CATPAGELENGTH # 13
IF INDEX <> PAGENO THEN
BEGIN "KEEP SEARCHING UNTIL PAGE FOUND™
IF CHANGED THE¥ PUT(CATFILE, INDEY, BLOCK);
INDEX := PAGENO;
GET (CATFILE, INDEX, BLOCK) ;
CHANGED := FALSE
END
END
END:
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* *
* THE PROCEDURE - READCAT — READS IN THE CATALOG. *
% *
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PEOCEDURE READCAT (I: INTEGER; VAR ELEM: CATENTRY);

BEGIN "INPUT CATALOG"
WITH CAT DO
BEGIN
GETCAT(I) ;
ELEM := BLOCK (. (I-1) MOD CATPAGELENGTH + 1.)
END
END;
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* *
* THE PROCEDURE - INITBUCKET - SETS UP THE FILES *
* PARAMETERS FOR SEARCHING OF THE CATALOG. *
* *
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PROCEDURE INITBUCKET (ID: IDENTIFIER) ;
VAR ELEM: CATENTRY; VFILES CATALOG ENTRY"

BEGIN "INITIALIZE FILES PARAMETERS"
WITH BUCEKET DO
BEGIN
START := HASH(ID) ;
READCAT (START, ELENM);
NAME := ELEM.ID;
LENGTH := ELEM.SEARCHLENGTH;
INDEX := START
END
END;
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*

THE PROCEDURE - SEARCHOLD - SEARCHES THE CATALOG

%

*¥* PFOR THE FILENAME AND RETURNS ITS EESULT IN THE
* FILES PARAMETER LIST.
%
x

* % # #

*
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PROCEDURE SEARCHOLD (ID: IDENTIFIER);

VAR MORE: INTEGER; “NOMBER OF PAGES TO SEARCH"
FOOFD: BOOLEAN; "INDICATOR OF WBETHER FILE WAS FOUNDY
ELEM: CATEFTRY; Y“FILES CATALOG ENTRYV

BEGIN "SEARCH FOR FILENAME IN CATALOG"
INITBUCKET (ID) ;
WITH BOCEET DO IF ID <> NAME THEN

BEGIN
MORE := LENGTH;
INDEX := START MOD CATLENGTH + 1;
FOUND := FALSE;

WHILE (MORE>0) & NOT FOUND DO
BEGIN '"LOOK FOR FILENAMEW®
READCAT(INDEX, ELEN);
NAME := ELEM.ID;
IF ID = NAME THEN FOUND := TRUE

ELSE
BEGIN "“NOT FOUND KEFP LOOKING"M
IF ELEM.KEY=START THEN MORE:=MORE-1;
INDEX := INDEX MOD CATLENGTH + 1
END
END

END;
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* *
* THE PROCEDORE - INITCAT - OPENS THE CATALOG FILE =
¥ AND SETS ITS PARAMETERS. *
* *
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PROCEDURE INITCAT;

VAR FOUND: BOOLEAN; ®"INDICATOR COF WHETHFEP FILE WAS FOUNDY™

BEGIN
OP EN (CATPILE, 'CATALOG 1, FOUND) ;
WITH CAT DO
BEGIN
INDEX 3=
CHANGED :
END

0;
= FALSE

END;
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* ¥
* THE PROCEDURE - INITFILES - INITIALIZES THE *
* CATALOG FOR SEARCHING OF FILENAMES. *
* *
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PROCEDURE IFITFILES;

BEGIN "INITIALIZE CATALOGY™

INITCAT;

CATLENGTH := LENGTHFILE (CATFILE) *CATPAGELENGTH;
END;
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* *
¥* THE PROCEDURE - READATTR — READS THE FILES *
* ATTRIBUTES. %
* *
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PROCEDURE READATTER (ID: IDENTIFIER; VAR ATTR: FILEATTR):
VAR ELEM: CATENTRY; "FILES CATALOG ENTRI"

BEGIN "LDCATE FILE AND THENW READ ATTRIEUTES®
SEARCHOLD (ID) ;
WITH BUCKET DO
BEGIN
READCAT (INDEX, ELEM) ;
ATTR := ELEM.ATTR
END
END;
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% %
* THE PROCEDIURE - CONTAINS - LOOEKS FOR THE FILE INWN *
* THE CATALOG. *
% ¥
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FORCTION CONTAINS {(ID:IDENTIFIER) :BOOLEAN;

BEGIN

SEARCHOLD (ID) ;

WITH BUCKET DO CONTAINS := (NAME=ID) & (ID<>NONRME)
END;
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% *
THE PROCEDURE - OBTAINPAGES - OBTAINS THE PAGENAP *

SET PROM THE FILES ENTRY IN THE CATAIDG. THE NOUMBER *

*
%

* OF PAGES FOR THE FILE IS ALSO RETOURNED, *
% ¥
e
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PROCEDURE OBTAINPAGES (FILENAME:IDENTIFIER) ;

VAR PARAN:IOPARAMN; "“IO PARAMETERS"™
ATTR: FILEATTR; WYFILE ATTRIBOUTESY

BEGIN ™"OBTAINPAGES™
FOUND: =FALSE;
IF CONTAINS (FILENAME) THEN
BEGIN "FILE FOUND IN SOLO CATALOG"
FOUND:=TRUE;
READATTR (FILENAME, ATTR) ;
“"OBTAIN FILE'S ATTRBUTES®
PARAM. ARG:=ATTR. ADDR;
PARAM.OPERATION: =INPUT;
IOTRANSFER(DISKDEVICE,PARAM,MAP);
"OBTAIN TEE FILES PAGEMAP®
END;
END; WEND OF OBTAINPAGES™
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*

THE PROCEDURE — CHECKARG - VALIDATES THE
* PARAMETERS PASSED TO IT DPON TIME OF INVOCATION. IF
* ANY OF THE PARAMETERS ARE INVALID, THE ROUTINE CALLS
* THE HELP ROUTINE AND TERMINATES THE PROGRANM.
*
X

O ¢

3*
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PROCEDURE CHECKARG;

VAR

DIRECT: ARGTYPE; Y“INVOCATION PARAMETERSY
MORE:BOOLEAN; WVALIDITY INDICATORW™

BEGIN "CHECKARG"
MORE:=FALSE;
CONTINUP:=FALSE;
DIRECT: =PARAM[ 2 1;
WITH DIRECT DO "CHECK CORERECT COMMAND"
IF TAG <> IDTYPE THEN HELP

FLSE "FIRST ARGUMENT IS A COMMAND®
BEGIN
IF ID='INPOUT ' THEN
BEGIN "“COMMAND IS INPUTH
DIRFCTION:=TRUE;
MORE:=TRUE;
CONTINUE :=TROUF;
END
ELSE T"CHECK FOR OUTPUT COMMANDW
IF ID='QUTEUT " THEN
BEGIN Y“COMMAND IS OUTPUT™
DIRECTION:=FALSE;
OK:=TRUE;
CONTINUE: =TRUE;
END

ELSE
"ARGUMENT IS NEITHER INPUT OR OUTPOUT"
HELP
END;

IF CONTINUE THEN
DIRECT:=PARAMN"3";
WITH DIRECT DO "Y“CHECK FOR FILENAME ON INPOT"
IF TAG <> IDTYPE THEN
BEGIN
CONTINUE:=FALSE;
HELP
END

ELSE "TAG IS OK, OBTAIN FILENAME"
FILENAME:=1ID;



END;

IF (CONTINOE) AND (MORE) THEN
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BEGIN "IF INWPUT THEN OBTAIW IVWPUOT FILES FILETYPE"

DIRECT :=PARAM[ 41;
IF TAG <> IDTYPE THENWN
BEGIN
CONTINUDE:=FALSE;
HELP
END

ELSE
WITH DIRECT DO
BEGIWN
CHECKKIND (ID,EKIND,OK) ;

IF NOT OK THEN
BEGIN "PFILETYPE WAS
HELP;
CONTINUE:=FALSE;
END;
END;
END;

“"END OF CHECKARG"

TJILEGAL"®
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¥
* TEE PROCEDURE - INPUTFILE - INPUTS A FILE FROM
* THE ONIX FILE SYSTEM. BEFORE THE FILE IS INPUTTED,
* THE ACCESS RIGHTS FOR THE USER TO READ THE FILE IS
% CHECEED. IF THE RIGHTS ARE DENIED, AN ERROR MESSAGE IS
¥
s
*

% % % %

PRINTED.
*
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PROCEDURE INPUTFILE;

VAR
I,K:INTEGER; "ARRAY POINTERS™
FPLENGTH: INTEGER; Y"LENGTH OF UNIX FILE"
BUF,BUFTEMP:PAGE; "“FILE BUFFERS™

PARAM: IDPARANM; "ITO PARAMETERSY

FILEDES: INTEGER; WFILE DESCRIPTORY

LIMIT: BOOCLEAN; WINDICATCR OF SOLO LENGTH EXCEEDEDW®
ID:TDENTIFIER; SOLO FILE NAME"™

RESULT:INTEGER; "ITHDICATOR OF UNIX FILE CLOSURE"™
MODE: INTEGER; "ONIX TYPE OF FILE MANIPULATIONMY
ACCESSES:INTEGER; "“RESOLT OF UNIX FILE ACCESS CHECK"™
SHORT: BOOLEAN "LENGTH INDICATCR™

BEGIN "INPUT FILE"™
ID:='NEXT *5
OBTAINPAGES {ID); T"OBTAIN FREF PAGEMAPW®
LIMIT:=FALSE;
GETUNIXNAME (FILENAME); "CONVERT FILENAME®"
MODE:=0; "TEST POR U¥IX FILE IN SYSTEM"
ACCESSES:=UNIXACCESS(UNIXNAME, MODE);
IF ACCESSES = -1 THEF "FILF WOT FNOW TO UNI X%

WRITETEXT(*PILE UNKNOWN TO UNIX$')

ELSE M"CHECK USER ACCESS TO THE FILE"™
BEGIN
MODE:=h4; "SET FILEMODE FOR READ"
ACCESSES:=UNIXACCESS (UNIXNAMNE, MODE) ;
IF ACCESSES = -1 THEN "OUNIX FILE ACCESS DENIED"
WRITETEXT (*READ ACCESS DENIEDS$?)

ELSF Y“USER HAS ACCESS TO THE FILEY
BEGIN "OPEN THE FILE"

MCDE:=0;

FILEDES:=UNIXOPEN (UNIXNAME,MODE) ;
=13

LENGTH:=0;

SHORT:=TRUE;
PARAM.CPERATION: =OUTPUT;
FLENGTH:=UNIXREAD(FILEDES,BUOF,PAGELENGTH) 3
WHILE (FLENGTE = 512) AND (SHORT) DO

BEGIN "READ PAGES IN UNTIL OUNIX EOF FOUND"
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PARAM.ARG:=MAP. PAGESET"I";
ICTRANSFER (DISKDEVICE,PARAM, BUF) ;
I:=1I+1;
LENGTH:=LENGTH+1;
FLERGTH:=UNIXREAD(FILEFDES,BUF,PAGELENGTH) ;
IF LENGTH = 256 THER
SHORT :=FALSE;
END:

IF (FLENGTH < 512) AND
(FLENGTH > 0) AND (SHCRT) THEN
BEGIN YFILEF BLOCK CCNTATNS END OF FILE™

RK:=1;

FEPEAT "CoPY CHARACTERS INTO TEMP BUFFERY
BOFTEMPWKW::=BIOF"EK";
E:=FK+1;

UNTIL E=FLENGTH + 1;

BUFTEMP"EK":=EHN; "PLACE SCLO EOF INTC BUFFER"®

K:=K+1;

REPEAT '"PLACE NULL CHARACTFRS AFTER EOF"
BUFTEMPHE" : =NULL;
K:=K+1;

ONTIL K = 513; WSTORE FILE ON DISK®

PARAM. ARG:=MAP.PAGESET"I":

IOTRANSFER (DISKDEVICE,PARAM,BUFTENP) ;

I:=I+1;
LENGTH:=LENGTH+1;
END
ELSE

IF (FLEWGTH = 0) ANWND [SHORT) THEN
BEGIN "EOF AT END OF FILE BLOCK"Y
BUOFTEMPY {W:=FEM; WSTORE SOLO EOF"Y
PARAM. ARG:=MAP.PAGESET"I";
JOTRANSFER (DISKDEVICE ,PARAM, BUFTENP) ;
LENGTH:=LENGTH+1;
END;

IF NOT SHORT THEN
BEGIN "SOLO FILE LENGTH EXCEEDEDY
LINIT:=TROE;
WRITETEXT(*SOLO FILE LIMIT EXCEEDEDS$')
END;

IF ROT LIMIT THEN

109

SAVEFILE; "FILE LEWNGTH ¥YOT EXCEEDED, SAVE FILE"

RESULT:=UNIXCLOSE (FILEDES}); “CIOSE UNIX FILEY

END;
END;
EXD; "END OF INPUTFILE™
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THE PROCEDOURE - QUTPUTFILE - OUTPUTS A FILE FROM
THE VIRTUAL DISK TO THE UNIX FILE SYSTEM. IF THE FILE
DOES NOT ALREADY EXIST IN THE UNIX FILE SYSTEM, THE
PILE IS CREATED WITH GENERAL ACCESS RIGHTS. OTHERWISE
THE FILE IS CHECKED TO SEE IF THE USER HAS ACCESS
RIGHETS TO WRITE TO THE FILE. IF¥ THE USER DOES NOT, AW
FRROR MESSAGE IS5 PRINTED.

* % % % # O ow N
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PROCEDURE OUTPUTFILE;

VAR
I,L:INTEGER; WARRAY POINTERS"
FLENGTH: INTEGER; "ONIX FILE LENGTHY
LENGTH:INTEGER; "SOLO FILE LENGTH"
BUF: PAGE; WTEMPORARY FILE BUFFER"™
PARAM:IOPARAN; WI0O PARARMETERS™
FILEDES: INTEGER; "OgRIX FILE DESCRI PTOR"™
LIMIT: BOOLEAN; "INDICATOR OF SOLO LENGTH EXCEEDED"
ID:IDENTIFIER; HFILE NAME"
RESULT:INTEGER; "INDICATOR OF RESULT OF UNIXY CLOSEY
MODE : INTEGER; WACCESS MODE"
ACCESSES: INTEGER; M"INDICATOR OF UWNIX ACCESS RESULTY
PERFORM:BOOLEAN; NINDICATOR OF FILE OPENED™

BEGIN "OUTPUT FILE TO DNIXM®
DPERFORM:=TRUE;
OBTAINPAGES (FILENAME); "GET FILES PAGEMAPY
IF NOT FOUND THEN "FILE NOT FOUND ON DISK"™
WRITETEXT (*SOLO FILE NOT FOUNDS$')

ELSE
BEGIN M"FILE FOUND"
GETUNIXYNAME (FILENAME); ™OBTAIN FILE NAME®
MODE:=0;
ACCESSES:=UNIXACCESS (ITNIXINAME,MODE);
IF ACCESSES < 0 THEW
BEGIN "FILE NOT FOUND IN OUNIX, CREATE IT"
MODE:=2; "SET ONIX MODE FOR REARD/WRITE ACCESS"®
FILEDES:=UNIXCREATE(UNIXWAME,MODE] ;
END

ELSE
BEGIN
MODE:=1;
FILEDES:=UNIYOPEN(UNIXNAME,MODE); "OPEN FILE"
IF FILEDES < 0 THE¥X
BEGIN
WRITETEXT(*WRITE ACCESS DENIEDS$'):
PERFORM:=FALSE;
END
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END;

IF PERFORM THEN
BEGIN "FILE OPENED AND USER HAS PROPER ACCESS™
I:=1;
PARAM,OPERATION:=IVPUT; "OBTAIN A PAGE FROM SOLOT
LENGTH:=:=MAP.FILELENGTH;
WHILE LENGTH > 1 DO
BEGIN "SEND PAGES TO URIXYW
PARAM. ARG:=MAP.PAGESET"IY;
JOTRANSFER {(DISKDEVICE,PARAHN, BUF) ;
FLENGTH:=UNIXVWRITE (FILEDES ,BOF,PAGELENGTH) ;
I:=T+1;
LENGTH: =LENGTH-1;
END;

=t WLAST SOLO PAGE REQUIRES SPECIAL HANDLING"
PARAM.ARG:=MAP.PAGESETWIV;
JOTRANSFER(DISKDEVICE,PARAM, BUF) ;
WHILE (BUF"L" <> EM) AND {L<512) DO
L:=L+1;
"STORE FILE BLOCKS DATA BEFORE EDOF IN UNIX FILEY
IF {(L=512) ANRD (BUFYL" <> EW) THEN
FLENGTH:=0ONIXWRITE(FILEDES,BUF,PAGELENGTH)

ELSE

BEGIN "“SOLO EOF AT THE END OF THE FILE BLOCK"
L:=L-1; ®"STORE ENTIRE BLCCK IN UWNIX"
FLENGTH:=UNIXWRITE(FILEDES,RUF,L);
RESULT:=UNIXCLOSE(FILEDES) ;

END

END;
END;
END; "END OF OUTPUTFILE"™
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*

* THE PROCEDURE — INITIALIZE - IDENTIFIES THE

* RDUTINE AND CHECKS THE PARAMETERS PASSED TO IT BY THE
* DD32 PROGRAM.
&=
*

#* % % ¥

»®
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PROCEDURE INITIALIZE;

BEGIN “IDERTIFY PROGRAM AND CHECK PARAMETERS®
IDEFTIFY("UFIX: (:10z)");
DISPLAY (NI) ;
INITFILES;
CHECKARG;
END; YEND OF INITIALIZE"

1 3 3k s ko 3 3 e ok ok sieake sk de o o e e e ke ok ek o ol sk ko sk o odeale ok 3k e slesde ook Sk kol e ke ke ok ek ke ke ke k

* *
* THE MAIN ROUTINE HA¥WDLES THE INITIATING OF THE *
* PROGRAM. *
% *

e ok e e e o ok e e ok ek e e s o sfe e dle e Seofe e sfe oke e ke e e ke e deofe she ofe o ek ek ke e kol skl ek e ek ok ek ket

BEGIN WSTART JOB"
IF TASK = JOBTASK THENX
BEGIN "CORRECT INVOCATION®
INITIALIZE;
IF CONTINUE THENWN
BEGIN "DO UNIX FILE HANDLING"
IF DIRECTION = TRUE THEN
INPUTFILE "INPOT A FILE FROM UNIX"™
ELSE
OUTPUTFILE; "QUTPUT A FILE TO UONIX"
ERD;
END;
END. WEND OF UNIX32 PROGRAM"
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nYgTILITY PROGRAMS FOR
THE SOLO SYSTENY

"MODIFIED TO RUN UWDER UNIX BY
MARTIN WILDE

FEBRUARY 1984n

NERRRRARIRRD
# PREFIX #
FESERRRRB20

TYPE INTEGER = SHORTINTEGER;
CONST NL = ' (z10:z)'; FF H B CR = *"(313:)';
'

'
EM = " (:25:)"; NULL = %

= 1
(z00:)?

IIN

)

CONST PAGELENGTH = 512;
TYPE PAGE = ARRAY (.1..PRGELENGTH.) OF CHAR;

CONST LINELENGTH = 132;
TYPE LINE = ARRAY (.1..LINELERGTH.) OF CHAE;

CONST IDLENGTH = 12;
TYPE IDENTIFIER = ARRAY (. 1..IDLENGTH.) COF CHAR;

CONST UNIXLENGTH = 13;
TYPE UNIX_NAME = ARRAY (.1..0NIXLENGTH.) OF CHAR;

TYPE FILE = 1..2;

TYPE FILFFIND

(EMPTY, SCRATCH, ASCII, SEQCODE, CONCODE);
TYPE FILEATTR PACKED RECORD

KIND: FILEKIND;

ADDR: INTEGER;

PROTECTED: BOCLEAN;

NOTUSED: ARRAY (.1..5.) OF INTEGER
END;

TYPE IODEVICE
(TYPEDEVICE, DISKDEVICE, TAPEDEVICE, PRINTDEVICE,
CARDDEVICE) ;

TYPE IQOPERATION = (INPUT, GUTPUT, MOVE, CONTROL);
TYPE IOARG = (WRITEEOF, REWIND, UPSPACE, BACKSPACE) ;
TYPE IORESULT =

(COMPLETE, INTERVENTION, TRANSMISSIONW, FAILURE,
ENDFILE, ENDMEDIUM, STARTMEDIUM) ;
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TYPE IOPARAM

TYPE TASKEKIND

BOO

TYPE ARGTAG
{¥ILTYPE,

TYPE POINTER

TYPE ARGTYPE

CONST MAXARG
TYPE ARGLIST

TYPE ARGSEQ = (
TYPE PROGRESUOLT
(TERMINATED,
VARIANTERRCR
CALIERROR) ;

PROCEDURE
PROCED URE
PROCEDURE
PROCEDURE
PROCEDURE GET (F
PROCEDURE PUT (F
FONCTION LENGTH

READ (
WRITE
OPEN (
CLOSE

PROCEDURE
PROCEDORE

MARK({
RELEA

PROCEDURE
PROCEDURE
PROCEDUERE DISPL
PROCEDURE
PROCEDURE
PROCEDURE
PROCEDUORE
PROCEDURE
PROCEDURE

READP
WRITE
READL
WRITE
READA
WFITE

IDENTIFY (HEADER:
ACCEPT (VAR C: CHAR) ;

PAGE
RECORD

OPERATICN: TOOPERATION;

STATOS: IORESULT:

ARG: 0..32768
END;

(INPUTTASK, JOBTASK, OUTPUTTASK):
LTYPE, INTTYPE, IDTYPE, PTRTYPE):
@BOOLEAN;

RECORD

CASE TAG: ARGTAG OF

RILTYPE, BOOLTYPE: (BOOL: BOOLEAN) ;
INTTYPE: (INT: INTEGER);
IDTYPE: (ID: IDENTIFIER) ;
PTRTYPE: (PTR: POINTER)

END:

10;

ARRAY (. 1..MAXARG.) OF ARGTYPE;

INP, OUT) ;

OVERFL.OW, POINTERERROR,
+HEAPLIMIT, STACKLINIT,

RANGEERROR,

VAR C: CHAR) ;
(C: CHAR) ;

F: FILE; ID:
{F: FI1E):

FILE; P
FILE; P:
(F: FILE):

IDENTIFIER; VAR FOUND: BOOLEAN)

-
-

INTEGER; VAR BLOCK:
INTEGER; VAR BILOCK:
INTEGER;

URIV PAGE);
UNIV PAGE) ;

VAR TOP: INTEGER) ;
SE (TOP: INTEGER} ;

LINE) ;

AY (C: CHAF) ;

AGE(VAR BLOCK: UNIV PRGE; VAR EOF:
PAGE (BLOCK: UNIV PAGE; EOF:
INRE(VAR TEXT: UNIV LINE);
LINE(TEXT: UNIV LINE);

BG (S: ARGSEQ; VAR ARG: ARGTYPE);
ARG (S: ARGSEQ; ARG: ARGTYPE) ;

BOOLEAN) ;
BOOLEAN) ;
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PROCEDURE LOOKUP (ID: IDENTIFIER; VAR ATTR: FILEATTR;

VAR FOUND: BOOLEAN);

PROCEDURE IOTRANSFER
(DEVICE: IODEVICE; VAR PARAM: IOPARAM;
VAR BLOCK: UNIV PAGE) ;

PROCEDURE TOMOVE({DEVICE: IODEVICE; VAR PRRAM: ICPARAM);

FURCTION

TASK: TASKKIND;

PROCEDURE RUN (ID: IDENTIFIER; VAR PARAM: ARGLIST;

FUNCTION

FONCTION

FUONCTION

FUNCTICRH

FONCTION

FUNCTION

VAR LINE: INTEGER; VAR RESULT: PROGRESULT) ;

ONIXOPEN (VAR UNIXNAME:UNIX_NAME;
MODE:I¥TEGER) :INTEGER;

UNIXREAD (FILEDES:INTEGER;VAR BUF:PAGE;
LENGTH:INTEGER) :INTEGER;

UNIXWRITE (FILEDES: INTEGER; BUF:PAGE;
LENGTH:TINTEGER) : INTEGER;

UNIXCLOSE (FILEDES: INTEGER) : INTEGER;

ONIXCREAT (VAR UNIXNAME: UNIX_TFAME;
MODE:INTEGER) :INTEGER

UNIXACCESS (VAR ONIXNAME:OUNIX_NAME;
MODE:INTEGER) :INTEGER;

PROCEDURE CALLUNIX;

PROCEDURE EXIT;

PROGRAM P(VAR PARAM :ARGLIST);
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* CALLUNIZX 32

THE FOLLOWING PROGEAM IS UTILIZED UNDER SOLO TO
COVMMURICATE TO THE UNIX ENYIRONMENT. THE PROGRAN
ALIOWS THE USER TO EXECUTE UNIX FILES UNDER SOLO.

INPOT:
THE INPUT TO THE PROGRAM IS THE DESIRED ONIX
COMMAND TO BE EXECUTED.

3k 3 e # O H O #

CUTPUT:
THE OUTPUT OF THE PROGRAM IS MESSAGES INFORMING
THE USER OF WHICH ENVIRONMENT THAT THEY ARE
EXECUTING IN. IN ADDITION THESE MESSAGES THE
BORMAL UNIX PROMPT OF A DOLLAR SIGN ($) IS
DISPLAYED UPCN THE ENTERING OF THE UONIX SHELL,

* o H O %

%
*
*
*
*
*
e
*
*
*
*
*
%*
*
*
* *
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*

THE FOLLOWING ROUTINE OUTPUTS A LINE OF TEXT TO
THE CONSOLE. THE ROOTINE OUTPUTS CHARACTERS TO THE

CONSOLE UNRTIL A DOLLAR SIGN XIS FCUND IN THE TEXT
STRING.

H o I O %

*
%
*
*
* *
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PROCEDURE WRITETEXT (TEXT:LINE) ;

VAR
I:INTEGER; "INDEX OF TEXT ARRAY™
C: CHAR; WCHARACTER TO BE DISPLAYFEDY

BEGIN "DISPLAY TEXT LINE"
=1
C:=TEXT{I;
WHILE C <> 1§ DO
"DISPLAY CHARACTERS UNTIL THE DOLLAR SIGN IS FOUNWND®
BEGIN
DISPLRAY(C) ; WDISPLAY CHARACTERM
I:=1+1;
C:=TEXT[I];
END;

DISPLAY (NL) ©SEFD A NEW LINE CHARACTER TO THE CONSOLEW
END; "END OF WRITETEXT®
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THE EXECUTE ROUTINE PERFORMS THE ACTUAL UNIX
INTERFACE. THE NECESSARY INTERFACING IS DONE IN THE
CONCURRENT PASCAL KERWEL. THE RCUTINE PLACES THE USER
IN THE UNIX SHELL. ONCE THE UNYX PROGRAM IS EXECUTED,
CONTROL IS RETORNED TO THE SOLO ENVIRONMENT.

* ¥ o ¥ ¥ ou
* H I  H R

*
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PROCEDURE EXECUTE;

BEGIN "EXECUTE UNIX SHELL COMMAND"

DI SPIAY (NL) ;

WRITETEXT ("ENTERING THE UNIX ENVIRONMENT:$') ;

DI SPLAY {NL) ;

CALLUNIX; "ENTER THE UNIX SHELL®

DISPLAY (NL);

WRITETEXT (*BACK AT THE SOLO ENVIRONMENT...$');
END; "END OF PROCEDURE EXECUTE"

91 3 e e sk e e s ok ok e S e o ke sl e sie sk ek S s s o ok S skesle sk sk sk e ke ke ke el e e ek ok ke ke ok kokok ek ok %k
*
* THE MAIN PROGRAM INTIATES THE UNIX INTERFACE BY
* ACCEPTING THE JOR AND THEW CONTROL IS TRANSFERRED TO
* FEXECUTE ROUTINE.
*
*®

¥ # ¥ I it
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BEGIN "START UNIX INTERFACE"
IDENTIPY('CALLUONIX: (z10:z) ") ;
IF TASK = JOBTASK THEN
BEGIN "PLACE OSER IN THE UNIX SHELL"
EXECUTE
END
END. "END OF CALLUFIX PROGRAMY
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W"OTILITY PROGRAMS FOR

THE SOLO SYSTEHM"

"MODIFIED TC RUN UNDER UNIX

MARTIN WILDE

DECEMBER 1983"
VREERRFRRIRES
# PREFIX #

$REFFF R

TYPE INTEGER = SHORTINTEGER;

(:DO

[\

Y (213:) ;s

12:2) ' CE
]

e

)

CONST PAGELERGTH = 512;
TYPE PAGE = ARRAY {.1..PAGELENGTH.) OF CHAR;

CONST LINELENGTH = 132;
TYPE LIFE = ARRAY (.1..LINELENGTH.) OF CHAR;

CONST IDLENGTH = 12;
TYPE IDENTIFIER = ARRAY (.1..IDLENGTH.) OF CHAR;

CONST UNIYXLENGTH = 13;
TYPE ONIX_NAME = ARRAY {.1..UNIXLENGTH.) OF CHAR;

TYPE FILE = 1..2;

TYPE FILEKIND (EMPTY, SCRATCH, ASCII, SEQCODE, COKCODE):
PACEKED RECORD

KIND: FILEKIND;

ADDR: INTEGER;

PROTECTED: BOOLEAN;

NOTUSED: ARRAY (.1..5.) OF INTEGER
END;

TYPE FILEATTR

TYPE IODEVICE =
(TYPEDEVICE, DISKDEVICE, TAPEDPEVICE, VARLDEVICE,
CARDDEVICE) ;
TYPE IOOPERATION = (INPUT, OUTPUT, MOVE, CONTROL) :
TYPE TOARG = (WRITEEOF, REWIND, UPSPACF, BACKSPACE);
TYPE IORESULT =
{COMPLETE, INTERVENTION, TRANSMISSION, FAILURE,
ENDFILE, ENDMEDIUM, STARTMEDIUM);

TYPE YOPRARAM = PACKED RECORD
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OPERATION: IOOPERATION:
STATUS: IORESULT;
ARG: 0..327¢8
END;
TYPE TASKKIND = (INPUTTASK, JOBTASK, OUTPUTTASE) ;
TYPE ARGTAG =
(SILTYPE, BOOLTYPE, INTTYPE, IDTYPE, PTRTYPE);
TYPE POINTER = ®BOOLEAN;
TYPE ARGTYPE = RECORD
CASE TAG: ARGTAG OF
¥ILTYPE, BOOLTYPE: (BOOL: BOOLEAN):
INTTYPE: (INT: INTEGER) ;
IDTYPE: (ID: IDENTIFIER);
PTRTYPE: (PTR: POINTER)
END;
CONST MAXARG = 10;
TYPE ARGLIST = ARRAY (.1..MAXARG.) OF ARGTYPE;
TYPE ARGSED = (IFP, OUT);
TYPF PROGRESULT =
{TERMINATED, OVERFLOW, POINTERERROR, RANGEERROR,
VARTANTERROR,HEAPLIMIT, STACKLIMIT, CODELIMIT, TIMELIMIT,
CALLERROR) ;
PROCEDURE READ(VAR C: CHAR):
PROCEDURE WRITE (C: CHAR):
PROCEDURE JPEN (F: FILE; ID: IDENTIFIER; VAR FOUND: BOOLEAN):
PROCEDURE CLOSE (F: FILE);
PROCEDURE GET (F: FILE; P: INTEGER; VAR BIOCK: UNIV PAGF) ;
PROCEDURE PUT (F; FILE; P: INTEGER: VAP BLOCK: UNIV PAGE):
FUNCTION LENGTH (F: FILE): INTEGER;
PROCEDURE MARK(VAR TOP: INTEGER) ;
PROCEDURE RFLEASE (TOP: INTEGER):
PROCEDURE IDENTIFY (HEADER: LINE) ;
PROCEDUPE ACCEPT(VAR C: CHAR);
PROCEDURE DISPLAY (C: CHAR);
PROCEDURE READPAGE (VAR BLOCK: UNIV PAGE; VAR EOF: BCOLEAN);
PROCEDURE WRITEPAGE(BLOCK: UNIV PAGE; EOF: BOOLEAN):
PROCEDURE READLINE (VAR TEXT: UNIV LINE):
PROCEDURE WRITELINE (TEXT: UNIV LINE) :
PROCEDURE READARG (S: ARGSEQ; VAR ARG: ARGTYPE):
PROCEDURE WRITEARG(S: ARGSEQ; ARG: ARGTYPE);
PROCEDURE LOOKOP (ID: IDENTIFIER; VAR ATTR: FILEATTR:

VAR FOUND: BOOLEAN);
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PROCEDUORE TOTRANSFER

(DEVICE: TODEVICE; VAR PARAM: TOPAPRAM;

VAR BLOCK: OWIV PAGE) ;
PROCEDURE IOMOVE(DEVICE: IODEVICE; VAR PARAM: IOPARAM);
FONCTION TASK: TASKKYND;

PROCEDURE RUN (ID: IDENTIFIER; VAR PARAM: ARGLIST;
VAR LINE: INTEGER; VAR RESULT: PROGRESULT);

FOUNCTION UNIXOPEN (VAR UNIXNAME:UNTIX_NAME;
MODE:INTEGER) :INTEGER;

FUNCTION ONIXREAD({FILEDES:INTEGER; VAR BUF:PAGE;
LENGTH:INTEGER) :INTEGER;

FONCTION UNIXWRITE(FILEDES:INTEGER; VAR BUF:PAGE;
LENGTH:INTEGER) s INTEGER;

FONCTION OUNIXCLOSE (FILEDES:INTEGER) :INTEGER;

FUNCTION UNIXCREAT {VAR UNIXNAME:UNIX_WAME;
MODE:INTEGER) :INTEGER;

FONCTION UNIXACCESS (VAR UNIXVWAME:;UNIX_NAME;
MODE:INTEGER) :INTEGER;

PROCEDURE CALLONIX;
PROCEDURE EXIT;

PROGRAM P(VAR PARAM: ARGLIST);

120



PAGE 121

0 3ok sk sk 3k ok ksl e ok sk s o o ok sk ko s s ol o o s o sk sk ok ko ook o sl kol ok s sk sic siesk ok sk sk ol sl ool ek e

THE NUMBER OF FREE PAGES THAT EXIST ON THE
VIRTUAL DISK.

3 E
* DISKSPACE *
* *
* THE FOLLOWING PROGRAM DISPLAYS To THE USER THE *
* AMOUNT OF FREE PAGES THAT ARE AVAILABLE ON THE *
* VIRTUAL DISK. THE PROGRAM READS THE FREF SPACE  *
* FPROM THE FREE PAGE INDICATOR VALUE THAT IS STORED *
* IN THE FILE CALLED NEXT ON THE VIRTUAL DISK. *
%k *
*  INPUT: *
* NONE *
* ¥
*  DUTPUT: *
* *
* *
* "

e 2 Aok e s e e o sk e o o o ok e ol ok kel kol sl o sesk ke skl ik ok kel sk kel skl ko ek ksl ke e ke ek ok ke ek sk ok 11

CONST
FIVECYLINDERLIMIT = 119; "DISK PARAMETER"
FREEPAGELIMIT = 30; "DISK PARAMETER"
SETSIZFE = B8; "DISK PARAMETERY
FIVECYLINDERSIZE = 120; "DISK PARAMETER™
ADDR = 152; “ADDRESS OF FREE FILE ON DISK"™

TYPE
INTEGER = SHORTINTEGER; %16 BIT INTEGER"
FIVECYLINDEF = SET OF O0..FIVECYLINDERLIMIT:
"SET OF CYLINDERS™
FREEPAGE = ARRAY(.0..FREEPAGELIMIT.) OF FIVECYLINDER:
FREEONDISK = PACKED RECORD "FREE FILE"
FREEPAGEONDISK:FREEPAGE:
MISCELLANEOUS : ARRAY (. 1. .SETSIZE.)
OF SHORTINTEGER
END;

VAR
FREE:FREEONDISK; "FREE FILE CONTENTS"
FIRSTPAGE:SHORTINTEGER; "“FIRST PAGE CF FILE"
FIRSTFREEPAGE:SHORTINTEGER;
WVYALUE OF FIRST FREE PAGE AVAILABLE"
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THE ROUTINE WRITEINT OUTPUTS AN INTEGER (S) TO THE
* CONSOLE FOR THE USER. THE EROUOTINE CCNVERTS INTEGERS
¥ T) THE FQUIVALENT CHARACTER VALUE AND THEN OUTPUOUTS THE
* STRING AS CHARACTERS.
*
*

I 3 %

P
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PROCEDURE WRITEINT {(I:SHORTINTEGER) ;

VAR
J,K:INTEGER; "“ARRAY POINTERS"™
CHARS:LINE; "INTEGER STRINGY

BEGIN "QUTPUT INTEGERSY
FODR K:=1 T0 8 DO CHARS{.EK.):="' 1;
:=AB5 (1) 3
1=8;
REPEAT CHARS (.K.} :=CHR((J MOD 10) + u8);
"CONVERT INTEGER TO CHARACTERY
J:=J DIV 10;
R:=F%-1;
UNTIL (J=0);
CHARS({.9.) :=NL;
FOR K:=1 TO 9 DO
"3UTPOT INTEGER(S) AS A CHARACTER STRINGY
DISPLAY (CHARS (.K.) ) 3
END; "END CF WRITEINT"
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THE INITIALIZE ROUTIWE OBTAINS THE AMOUNT OF FREE
SPACE LEFT ON THE DISEKE BY REARDING THE FILE CALLED
FREE. THE FREE FILE CONTAINS A VALUE THAT IS CALLED
FREEPAGES.

* ¥ O o W o
¥ 3 3 3 #

=
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PROCEDURE INITIALIZE;

VAR
PARAMz:IOPRRAM; IO FPARAMETERSY
ADDRESS :SHORTINTEGER; “ADDRESS OF FILE ON VIRTOUAL DISx"

BEGIN "CBTAIN NUMBER OF FREE PAGESY
IDENTIFY (YVIRTUAL DISK SPACE(PAGES):(z10:) ")
"DISPLAY MESSAGEW
DISPLAY (WKL) ;
PARAM. ARG:=ADDR; ™SET ADDRESS CF FREE FILE"
PARAM.OPERATION:=INPUT;
JOTRANSFER(DISKDEVICE, PARAM, FREE); "GET FREE FILE"
FIRSTFREEPAGE:=FREE. MISCELLANEDUS(.2.) ;
WRITEINT (FIRSTFREEPAGE); "DISPLAY NUMBER OF FREE PAGES™"
END;
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*

* THE MAIN PROGRAM INTERROGATES THE INVOCATION OF
* THE ROUTINE AND IF CORRECT THEN DISPLAYS THE NUMBER OF
*
*

#* 3 3

FREEF PAGES BY CALLING THE INITIALIZE ROUTINE,

&
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BEGIN "“GET FREE PAGES"
IF TASK = JOBTASK THEN
BEGIN "DISPLAY NUMBER OF FREE PAGES™"
INITIALIZE
END
EFD. 9"END OF DISKSPACE PROGRAN"
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APPENDIX E

THE CONCURRERT PASCAL KERNEL



Ve
Vi

/*
/¥
Ve

/*
Vé
/*
/*

Vi
Sx
S
/*

/F
Vi
/*
/*

Concurrent PASCAL UNIX Kernel */
Copyright 1982 Robert Young */

Robert Young */
Dept of Computer Science */
Kansas State University */

UNIX Pile Functions for Solo */
interfaces to the UONIX file */
systen. */
Added by Martin ¥ilde 1984 */

UNIX Callunix function added */
to permit Solo application programs */
to run UNIX programs. x®/
Added by Martin Wilde 1984 */

Program reinitialization and time functions
added to permit the user to access the time
ard reinitialize a concurrent progranm.
Added by Martin Wilde 1984

#include <stdio.h>
#include <signal.h>
#include <sqgtty.h>
#include <sys/types.h>
#include <stat.h>
#include <sys/timeb.h>

#definre GATEASSIST
#define PCBDUMP
/¥ #define SYMDEBUG */

#define BELL '-07°¢
#define NL '-n*
#define LF "-n!
#define CR 'ar!

#define STDIN O
#define STDOUT 1

#defipne caurrlevl(p) p->pchbldb->ldlevli+1

#define CONLEW 80
#define NDEV 8
#define CURRSLICE 100
#define MAYSLICE 1000

/* error codes ¥/

#define BREPTERR 0
#define INDYXERR 1

*/
*F

*/

PAGE
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#define
#define
#define
gdefine
$define
#define
#define
#define
#define
#define
#define
#define

/* entry codes */

#define
#define
#define
#define
#define
#define
$define
#define
#define
#defire
#define
#define
#define
#define
#define
#define
#define
#define
#define
#define
#define
#define
#define
#define
#define
#define
#define
#define
#define

PARMERR
VALUEERR
CASEERR
TRUWCERR
VARNTERR
PTRERR
STACEKERR
HEAPERR
ILGINERR
ADDRERR
ARITHERR
DELAYERR

ENTERROR
ENTTASKQ
ENTSTOPI
ENTIPROG
ENTIPROC
ENTEPROC
ENTTPROG
ENTDELAY
ENTCONT
ENTFICH
ENTIMON
ENTGENTR
ENTGEXIT
ENTIOREQ
ENTUTRAC
ENTPFXEN
ENTPFXEX
ENTATTR
ENTSETH
ENTSTART
ENTSTOP
ENTWAIT
ENTREALT
ENTSVCI
ENTSVC2
ENTSVC7
ENTGMEHN
ENTBREPT
ENTSVC15

VOO EWN

17
18
19

VOLANEWN =D

10
11
12
13
14
15
16

17

18
19
20
21
22
23
24
25
26
27
28

$define ENTUNOPEN 29
#define ENTUNREAD 30
#define ENTUNWRITE 31
#define ENTUNCLOSE 32
#define ENTUNCREAT 33
#define ENTONACCESS 34
#define ENTOUONCALL 35
#define ENTQUIT 36
$§define ENTLAST 37
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/* walt

#define
#define
#define
#defire
#define
#define
#define
#define
#define
#define
#define

/J¥ wait

#define
#define

/*¥ attribute codes */

#define
#define
#define
#define
#define

types */

NOWAIT
QVARWAIT
GATERAIT
EXITWAIT
TOWAIT 4
SYC 1WAIT
CLORKWAIT
DEADWAIT
PRFXIWAIT
SVCFWAIT

CTRLGWAIT 10
attributes */

EXTRTTYP 0x0001
PFXRELWTTYP 0x0002

ATTRCALL
ATTRHEAP
ATTRLINE
ATTRRSLT
ATTRRTINM

WN -

Voo-Jdahn

0

1
2
3
4

/¥ device codes */

#defire
#define
#define
#define
#define
#define
#define

/* io operation codes %/

#define
#define

TYPEDEY
DISEDEY
TAPEDEV
VARLDEV
CARDDEV
PRINTDEV
ITAMDEV

JOOPIN
JIOOPOUT

0
1
2
3
1]
5
6

0
1

#defire IOOPMOVE 2
#define IOOPCTRL 3

/% io result codes %/

#define
#define
#define
#define
#define
#define
#define

JORSCHMPL
IORSIREQ
JORSTRANW
IORSFAIL
IORSENDF
JORSENDN
IDRSBEGH

AN EWN O
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/7* io move op codes */

#define IOMVNWF 0
#defire IONVEREW 1
#define IOMVONSP 2
#define IOMVBESP 3
#define IOMVUNLD 4

struct ioparanm f
short ioop:
short iostatus; /* status code */
int ioarg;

13

/* callunix interface variables */

int (¥*oldhup) ()
int (*oldquit) () ;
int {*oldintr) () ;

/% priorities %/

#define MONPRIOR O
gdefine TOPRIOR 1
#¢define LOWPRIOR 2
#define SEQPRIOR 3

struct osfd {

char fdvolf 4 ;
char f£fdfnl 8];
char fdext[37;
char fdact;
}s
struct svciblok {
char svclfc, svc1lu, svcista, svcista?:
char *svclsad, *svclead;
int svcirad, svcllxf, svclxit;
¥
struct svc7blok {
char svc7cmd, svcTmod, svc7sta, svcTlu;
short svclkey, svcTlrc;
struct osfd svc7fd:
int svcTsiz;
¥
typedef struct pcbguene {
struct pchb *pcbgfrst, *pchbglast
};

struct ms {



char

struct

struct
| 3
struct sd

char

char

short
1s

struct
short
short
struct
struct
}s
struct 1d
int
char
int
struct
13

struct pchb

struct
int

struct
struct
short
int

struct
struct
struct
short

short
int
long
short
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gate
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*msll, *msra, *msqgl;
*msidl;

mns *mspl;

{

*sdstkbot, *sdstktop;
*sdheapbt, *sdheaptp;
sdsegstk;

{

gatesen;

gatelock;

pchgueune gatewaitq;
pcbh *gateownr;

{

1411, ldra, l4gql, 14141;
ldlevl, 14filli1[37;
ldstl;

gate ldgate;

pcbhb *pcbfqlnk, *pcbbglnk;
pcbstat, pchpc;

sd *pcbsdb;

1d *pchldhb;

pcberrcd, pcberrln, pcballr, pcbstlvl;
pcbgprs{16], pcbfprs[21, pcbdprsy 1€ 1;
14 pchld;

mns *pchpb;

pch #*pcbfchld, *pcbknchld, *pcbparrt;
pcbecrlvl, pchbexlvl, pcbwittyp, pcbpchid,
pcbslice;
pcbiodev,
pcbruntnm,
pcbhstart,
pcbabort:

pcbovrter, pcbnest, pcbprior;
pcbgarg;

pchstop;

#define PCBLEN 0x140

char

struct decb
struct
char
short
short
short

coninbufl 801, conotbuf[ 8071;

{
pch *dcbuser;

*dchargs;

dcbbufln, dcbhdevtp;
dcbfd, dcbinlen;
dcbinndx, dcbotndx;
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char #dcbinbuf, *dcbothuf;
1 dcbsi8]1 = {

{0,0,80,TYPEDEV,-1,0,0,0,coninbuf,corotbuf},

/¥ std in and out = console */

{0,0,512,DISKDEY,-1,0,0,0,0,01},

/% dev 1 = user disk */

{0,0,0,VARLDEV,-1,0,0,0,0,0%,

/¥ dev 2 = tape */

{0,0,0, VARLDEYV,-1,0,0,0,0,0},

/% dev 3 = var len dev */

{0,0,80,CARDDEV,-1,0,0,0,0,0%,

/* dev 4 = card reader */

{,0,132,PRINTDEV,-1,0,0,0,0,0%,

/* dev 5 = print dev ¥/

{0 ,0,0,VARLDEV,-1,0,0,0,0,0},

/¥ dev 6 = var len dev */

{0,0,0, VARLDEV,-1,0,0,0,0, 0}

/* dev 7 = tape 2 */

/% Communications Area */

struct commbliok {
short entrcode;

struct pch *newpchb;
struct pch **gparml,**gparm2;
struct gate *gateparm;
struct pchk *pcbhparm;
int intparni;
shor+ intparm2;
struct ioparam *ioparmi;
char *ioparm2;
int *jintrsltl;
int ¥intrslt2;
int kernr7;
struct svc1blok #*svciptr;
struct svc7hlok *svcTptr:
struct 1d *¥]1dparm;
int svc15ptr;
int segnapl 16 1;

} comm :

struct pcb *initpcb;

struct pchb *curpch;

extern int c_maing

/* Kernel Local Variables */

struct pcbgueue readvymon, readyio, readylow, clockevent,

reinit;
int now, period, timeparm;
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short kernhalt;

struct timeb *tp;

int extwaits;

int nextpcbid;

int entrcntsl ENTLAST 1;:

int reload:

char *mem;

int mensize;

short lufdw32v; /% maps lu to unix fd */

int waittablf ] =
0, /* no wait %/
PFYXRELWTTYP, /* qvar %/
0, /* gate */
0, /¥ exit %/
PFYRELWTTYP+EXTVWTTYP, /¥ io */
PFXRELWTTYP+ EXTWTTYP, /* svcl */
PFIXRELWTTYP+EXTHTTYP, /* clock */
PFXRELWTTYP, /¥ dead */
PFXIRELWTTYP, /% prefix =/
PFXRELVWTTYP+EXTHTTYP, /¥ svc 15 %/
PFIRELWTTYP+ EXTHTTYP, /%¥ control G */
03; /* end of table %/

/% Dpump PCB */

#ifdef PCBDUMP

dumppch (p)

register struct pchb *p;

{
static char wstat[ ] =
“"run qvargateexitio svclclokdeadprfxsvecir;
fprintf (stderr,"%6X %4.4s %6Y %2¥Y %2¥Y ¥2X %2xX v,
p, Ewstati*p->pchwttyp", p->pcbpc,0 /¥ currlevl */,
p—>pcbcrlvl],p->pcbstlvl, p->pcbexlvl):
fprintf (stderr,"%6X %6X %6X %2X ¥uD %€X %€ X-n",
p->pcbfchld, p->pcbochld, p->pcbparnt, p->pchberrecd,
p->pcberrlan, p->pchgprs® VW , p—>pcbaprsm2l) ;

}

dumppcbs {p)
register struct pch *ps:
{
register struct pch *q;
dumppch (p);
for (g=p->pcbfchld:;q;g=g->pcbnchld)
dumppchs(q);
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dumppchbtree ()

{
fprintf (stderr, " n" ;
fprintf (stderr," pcb stat pcC lv cr st ex fchild
nchild parent er " ;
fprintf (stderr,"line gb 1b —~n");
dumppcbs{initpch) ;
}
#endif
abend (reason)
{
Tegister char *p;
fprintf (stderr,"kernel abend code %d-n",reasorn) ;
p = (char *) Oxffffff;
*¥p = reason;
1s
errhalt ()
abend( 1 ;
1

kernerr(sig,type,line)
int sig,type,line;
{
short hwl, hw2;
char *msq;
static char #*msgtabl ] = {
“"Breakpoint",
"Index Range Error",
"Parameter Range Error",
"Yalue Range Error®,
"Caze Label Error®%,
"Trunc Range Error",
"Yariant Tag ErrorY,
"pPointer Error",
"Stack Overflow Error?",
"Heap Cverflow Error",
ll‘! {]“ 'l"l“ 1“'“1 21’1"“13“' II.1L}“'"1'5“'
"Tllegal Instruction®,
"A ddress Fault",
"Arithmetic Fault"®,
"Delay Error"i:
static char *sigtabl } = {
"sigral OMY,
"Hangup",
"Interrupt"®,
"Quit",
“"Tllegal Instr",
"Trace Trap",
"abort cCcallv,
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NEMT Trap",
"Float Exception",
MEillw,
"Memory Fault®,
"sSegmentation Fault",
"System Call Error",
"pipe Error",
"Alarm Irpt"%,
"Termination",
"Signal 1€%} ;
line=0;
mnsg = sigtab{sig];
if (sig==8)} {
hw1 = #* (short int *) curpcb->pcbpc:
hw2 = *(short int *) (curpcbhb->pchbpc+2) ;
if ((kwl1 & 0xf£f00)==0x8800) ¢
line=hw2;
nsqg = msgtabl (hwl & 0x00£0) >> 4 7;
¥s
}
else if (sig==0) {
msg = msqgtab[type];
};

fprintf (stderr,"Line %D Address %€X ¥s-n",line,
curpcb->pchpc,
nsg) ;

#ifdef SYMDEBUG

condebug(initpch,curpch) ;

#else

errhalt {);

#endif

if {(type!=BREPTERR)
stopproc(curpcb,currlevl (curpch)-1);

kerndead ()

{

fprintf {(stderr,"Infinite Wait Error-n"):

$ifdef SYMDEBUG

condebug{initpch,curpch):

ftelse
#ifdef PCBDUMP

dumppch* () ;

#endif

erthalt () s

#endif;

}

L

extwaits++;

addq (9, p)
register struct pcbgueune *g;
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register struct pchb *p;
{
if (g->pcbglast) g->pcbglast->pcbfqlpk=p;
else gq->pchgfrst=p;
p->pcbbglnk=q->pcbglast; p->pcbfglnk=0;
g->pcbglast=p;
Y

struct pch *getq{q)
register struct pcbqueue *q;

{
register struct pch *pg
p=q->pcbgfrst;
if (p) {
g->pcbqfrst=p->pcbfglnk;
if (g->pchgfrst)
g->pcbgfrst->pchbglnk=0;
else g->pcbhglast=0;
p~>pcbfglink=0;
}
return(p) ;
|

struct pchb *removeq (q,arqg)
register struct pcbgueue *q;
irt arg;
{
register struct pch *¥p, *1lp;
lp=0; p=g->pcbgfrst;

while (p)
if (p->pcbgarg==arg) break:;
else {
lp=p; p=p->pcbfqlnk;
HH
if (p) {

if (1p)y l1lp-—>pcbfglnk=p->pcbfqlnk:
else g->pcbgfrst=p->pcbfglnk;
if (g->pcbgqlast==p) g->pcbglast=lp;
1s
return {p) ;
1
initq({q)
register struct pchqueue *q;

{
13

g->pcbgfrst=0; g->pcbglast=0;

runupd sl {)
{
curpch->pcbhslice+=CURRSLICE:
if (curpcb->pcbslice>MAXSLICE) ¢
while(curpcbh->pckslice>»=MAXSLICE) ¢
curpch->pcbslice-=MAXSLICE;
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13

curpch->pchovrtm=1;

if (!'curpcb->pchnest)
curpch->pcbprior=LOWPRIOR;

1
¥
runpreempt {)
{
runupdsl{) ;
curpch=0;
}:

rdyent er (p)
register struct pch *p;

{
sWitch (p->pcbprior) f{
case MONPRIOR: addqg(&readymon,p);
break:
case IOPRIOR: addq(freadyio,p);
break;
case LOWPRIOR: addqg({&readylow,p):;
break;
};
P->pcbwittyp=NOWAIT;
}s
rdyselec* ()
f
register struct pchb *p;
if (curpcb) abend(t);
for (;3) I
if (! (p=getg(6readymon)))
if (!{p=getq(8readyio)}))
p=getg (Ereadylow) ;
if (p) {
if (p->pcbexlvl)
if (currlevl {p)>=p->pcbexlvl)
chkpterm(p) ;
else break:
else break:
}
else break;
33
curpcbh=p;
comm.newpcb=curpchb;
}s
rdyinit ()
{

initq(&readymon) ;

initqg(freadyio);

iritqg(6readylow);
initq (&reinit):

13¢€



}

rdyresched ()

{

register struct pchb *¥p = curpch;
register int resched;
resched=0;
if {curpch) {
runupdsli(};
if (p->pcbprior>MONPRIOR)
if {((readymon.pcbgfrst) p->pchovrim)
resched++;
else if (p->pcbprior>IOPRIOR)
if {(readyio.pcbgfrst) resched++:
else resched=0;
else resched=0;
else resched=0;
if (resched) {
p—->pchovrtm=0;
rdventer {p);:
cuarpch=10;

int acqrpf(p,ldp)
register struct pchb *p;
register struct 14 #*1dp:

{

PAGE

if ((++ (Ldp->ldgate.gatesem)) && ldp->ldgate.gatelock)

addqg (§1ldp->ldgate.gatewaitq,p) ;
retarn (0) ;

}
else {
ldp->ldgate. gatelock=1;
if {ldp->ldgate.gateownr) abend {9929);
ldp->ldgate.gateownr=p;
retarn (1) ;
}3

relpfx{ldp, p)
register struct pch *p;
register struct 14 *1dp;

{

regicster struct pch *q;

register int ok;

if (ldp->ldgate.gateownr!=p) abend (998) ;

lip->ldgate.gateownr=0;

l1dp->1ldgate.gatesen——;

if (ldp~>ldgate.gatewaitq.pchgfrst) f
ok=03;

while (ldp->ldgate.gatewaitg.pckgfrst &§ °20k)

f
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}

g=getqg(fldp->ldgate.gatevaitqg) ;
if {(g->pcbwttyp !'= PRFIWAIT)
ldp->ldgate.gatesen——;

ok=acqgrpfs(q,ldp);
if (ok) |

ldp->ldgate.gatesent+;
ldp->ldgate.gateownr=q;
g->pchwttyp=NOWAIT;

rdyenter (q) ;

} /* else waiting for another gate */ ;

};

if ('ok &€& (ldp->ldgate.gatesem>=0))
ldp->ldgate.gatelock=0;

else if (ldp->ldgate.gatesemn>=0)

ldp->ldgate.gatelock=0;

int acgrpfs(p,skipldp)
register struct pchb #*p;
struct 1d *skipldp;

{

1

register struct ms *qg, *r;
g=p->pcbpb;
while (q) {

if (g->msldl !'= skipldp)

if ({tacgrpf(p.,g->msldl})

break;
g=g->mspl;
}s:
if (g {
r=p->pcbpb;
while (q!=r) {
if (r->msldl!=skipldp)
relpfx {(r->msldl,p);
r=r->mspl;
¥
return (0) ;
};

return (1) ;

relpfxs (p,skipldp)
struct pcb *p;
struct 14 #*skipldp:

{

Tegister struct ms *q;
g=p->pcbpb;
while(q) {
if (g->msldl != skipldp)
relpfx(g->nslél,p);
g=g->mspl;

abend (997) ;
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remvwait (p)
rTegister struct pch *p;
{
int wt:
if (p->pcbwttyp == NOWAIT} abend (996);
wt=vaittabl p->pcbwttyp:
if (wt & EXTWTTYP)
extwaits—--;
if (wt & PFXRELWTTYP)
if (l'acqgrpfs(p,(struct 14 *)0)) {
p->pcbwttyp=PRFXWAIT;
return;

1

if {(p->pcbwttyp == CTRLGWAIT) ¢
curpch=p;
coanm.newpchb=curpchb;
p->pchwttyp=NOWAIT;

}

else {
p->pcbwityp=NOWAIT;
rdyenter (p) ;

}

}s

entrwalt {wait)
int wait;
{
int wt;
if (curpchb->pchwttyp != NOWAIT) abend{995) :
curpcb->pchuttyp = wait:
¥t = waittab{wait71;
if (wt & EXTWTTYP)
extvaits++;
if (wt & PPFYIRELWTTYP)
relpfxs (curpch, {struct 14 *)0);
runpreempt () ;

chkpterm {p)
register struct pch *p;
{
register struct pchb *qg;
if {(p->pcbexlvl > 0 ) && (currlevl(p >=p->pcbexlvl)) f{
g=p->pcbfchld;
while {(q) {
if (g->pcberlvl >= p->pcbexlvl) break;
g=q->pchnchld;
}
if (!q) ¢
1f{! ((p—>pcbwittyp == NOWAIT
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(p=>pchwttyp == EXITWAIT)))
abend (990) ;
if (p~->pcbwttyp == NOWAIT) {

p->pcbwttyp = EXITVWAIT;
relpfzs(p, (struct 1d %) 0);
¥
if (p->pchexlvl == p->pcbstlvl+l)
if ('poplevls(p,p->pchstlvl)) abend (989) ;
if ((p==initpchb) && (p->pcbexlvli==1))
kernhalt=1;
p->pcbexlvl=0; p=->pcbstlvl=255;
renvwait(p);

}
else p->pcbwttyp = EXITWAIT;

}

else remvwait {p);

stopproc (p,level)
register struct pcb *p;
int level;
{
if (p==curpcb) {
runpreempt () ; rdyenter (p);

¥
if (p->pcbstlvl >= level) {
p->pcbstlvl = level;
if ((p->pcbexlvli==0) (p—->pcbexlvl > p->pchbstlvl))
p->pchbexlv]l = p->pcbstlvl + 1;
if ((p->pcbwttyp == QVARWAIT) &&
(currlevl(p) >= p->pchbexlvl))
remvwait{p);
if ((p->pcbwttyp == CLOKWAIT) &&
(currlevl (p) >= p->pcbexlvl})) ¢§
if (p!=removeqg(fclockevent, (int) p)) abend(985);
remvwait(p) :

HH

stopfam (p,level)
register struct pcb *p;
int level;

{
register struct pch *q;
for (g=p->pcbfchld; gq; g=9g->pcbrchld)
stopfam (g,level);
stopproc (p,level) ;
1

/¥ I/0 routines go here */

dataio (buf, ioparm, dcbp)



char *buf;
register struct ioparam *ioparm;
register struct dcb *dchp;
{
int 1len, ng;
if (dcbp->dcbfd < 0) {

fprintf (stderr,"Device %d is not assiqred-r",

dcbp-dcbs) ;
abend (540) ;

1% {écbp->dcbdevtp == DISKDEYV)
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lseek (dcbp->dcbfd,ioparm—>icarg*dcbp->dcbbufln,0) ;

if (dcbp->dcbdevtp==VARIDEV) & = ioparm->ioarq;

else n = dchp->dcbbufln;
if {(ioparm->iocop == IOOPIN) {

len = dcbp->dchbinlen = read (dcbp->dcbifd,buf,n);}

else if (loparm=->ioop == IOOPCTRL)
reboot{(}: "
el se

lern = write(dcbp->dcbfd,buf,n);

if (len<0) abend{(541);

else if (len==0) ioparm->lostatus

else ioparm->iostatus = IORSCMPL;

if ({dcbp->dcbdevip==VARLDEV)
ioparm->icarg = len;

consoleio(buf ,ioarg,dchbp)
register char *buf;

register struct ioparanm *joarq;
register struct dchb *dcbp;
{

if (ioarg->icop == IDOPIN)

if (dcbp->dcbinndx >= dcbp->dcbinlen)

IORSENDF;

{

dcbp->dcbinlen = read {STDIR,dcbp->dcbinbuf,

dcbp->dcbbufln) ;

if {dcbhbp->dcbinlen < 0} abend(501);

dcbp->dcbinndx=0;
}s

*huf = dcbp->dcbinbuffdcbp->dcbirndx++1;

if (*buf == BRLL) "
sigasend():; "

else if (iocarg->icop == IOOPOUDT) {

dcbp->dcbotbuf[ dcbp->dcbotndx++ 7= *buf;

if ((*buf == vanv)

{dcbp->dcbotndx>=dcbp->dcbbufln)) ©

if (write (STDOUT,dcbp~>dchotbuf,

dcbp->dchotndx) !=
dcbp->dcbotndx) abend{502);

dcbp->dchotndx=0;



}
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1
else if (ioarg->ioop == IOOPCTRL} {
sigaload() :
}
else {
fprintf (stderr,"Invalid operatior to console-n");
abend({503);
¥

1

tapeio (buf, ioparm,dchp)

register char *buf;

register struct ioparam *ioparm;
register struct dcb *dcbp;
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{

struct {
int
int

} ctlparmg

command;
padl 21;

static char cmdmapl 1 = {3.7.0,1,7};

switch (ioparm->ioop) {

case

JOOPIN:

case I0OOPOUT:

case

dataio(buf,ioparm, dcbp);

break:;

IOOPMOVE:

ctlparm.pad[ 0 =0;

ctlparm.pad[ 11=0;

ctlparm.command=canduapf ioparm->ioarqgl;

if (dcbp->dcbfd < 0) ¢
fprintf (stderr,"Device ¥d not assigned-n"
,dcbp-dcbhs) :
abend (542) ;

13

if {(ioctl{(dcbp->dchbfd,TIOCSETP,&ctlparm)) {
fprintf (stderr,"Error on IOCTL to device
%d-n",dcbp-dchs) ;
abend (5u43);

}s

ioparn->iosta+tus = IORSCMPI:

break;

ioreq(buf,iocarg,dev)
register char *huf;
register struct joparanm *ioarqg;
int dev;



}s3
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Tegister struct dcb *dcbp;

if {(dev>NDEV) {
fprintf (stderr,"Invaid device %d-n",dev) ;
abend (520) ;

s
dcbp= £dcbs[dev];
if (curpcb->pcbnest == 0) curpcb->pcbprior=I0PRIOR;

joarg->jiostatus = IOCRSCMPL;
switch (dcbp->dcbdevtp) {
case TYPEDEV:
consoleio(buf,iocarg,dchbp);
break;
case DISKEDEV:
case CARDDEV:
case PRIVTLEV:
dataio{buf,ioarg,dcbhp);
break:
case TAPEDEV:
case VARLDEY:
tapeio(buf,ioarqg,dcbp);
break:
default:
fprintf (stderr,"Invalid device %d-n",dev);
abend {521) ;

sigawait ()

{

}

/*
/¥

cerpcb->pcbgarg={int) curpchb;
addg (6clockevent, curpch) ;
entrwalt (CLORKWAIT) ;

The sigaload function places the calling process on */
the reinit queune until the control g signal is sent. */

sigaload ()

{

}

Vi
S¥

curpcb->pchgarg=(int) curpch;
addg(éreinit,curpch);
entrwait (CTRLGWAIT) ;

The sigasend function removes the delayed process from */
the reinit queue. The process is then executed. */

sigasend ()

{

register struct pchb *p
p=getao{freinit);
remvwait (p) ;
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sigsend (q)
register struct pcbhgqueue *q;
{
register struct pcbh #*p;
register int resched = 0;
p=getq (q) ;
while (p} {
remvwait (p);
resched++;
p=getq (q);

}:
if (resched) rdyreschd():
}
clockinit()
{
initg({&clockevent):
period=0;
};
timeinit {)
{
ftime (tp):
now=tp->time;
13
#ifrdef GATEASSIST
gateenter (q)
register struct gate *qg;
{
curpcb->pcbhnest++;
carpchb->pchbprior=MONPRIOR;
if {(g->gatelock) {
addg (§g->gatewaitq,curpch)
entrvait (GATEWAIT) :
1
else g->gatelock=1;
1

gateexit (q)
register struct gate *g;:

{
if (! -—-curpcb->pcbnest)
curpcbh->pcbprior=LOWPRIOR;
if {g->gatewaitg.pchgfrst)
remvwait (getq(£g->gatewaitq)) ;
else g->gatelock=0;
}
#endif

#ifdef GATEASSIST



gateentr [g)
register struct gate *q;

{
if ((g->gatesem>0) && g->gatelock)
addg (Eg->gatewaitq,curpch);
entrvwait (GATEWAIT) ;
1
else g->gatelock=1;
}

gateex it (q)
register struct gate *q;
{
register struct pcb *p;
carpcb->pcbprior = LOWPRIOR;
if (g->gatewaitg.pcbgfrst) f{
p=getqg (6§g->gatewaitqg) ;
p->pcbprior=MONPRIOR;
remvwait (p) ;
}
else if (g->gatesen>=0)
g->gatelock=0;
rdyresched() ;
}

gatexchqg(g1,92,q)
register struct pch #**ql, **q2;
register struct gate *q;
{
register struct pcb *p:
p= *q2; *q2=0;
if (=g 1) kernerr (0,DELAYFRR, 0);
else {
*q 1=curpch;
entrwait (QVARWAIT) ;
j
if (p) {
pP->pchprior=MONPRIOR;
remvwait {p);
rdyresched () ;
}
else {
g->gatesemn—-;
if (!'g->gatewaitq.pcbgfrst) {
#ifdef GATEASSIST
if (g->gatesem>=0)
g->gatelock=0:
#else
g->gatelock=0;
#endif
}

else remvwait(getqg(Eg->gatewaitqg)} ;

{
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gateinit (q)
register struct gate *q:

{
initq(&g->gatewvaitq) ;
g->ga*telock=1; g->gatesen=0;
}
entrprfz(p,1dp)

register struct pchb *p;
register struct 14 *ldp;
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{
lip->ldgate.gatesen—-;
if (! acqrpf(p,ldp)) {
relpfxs{p,ldp); /¥ skip one we didn'T get */
p->pcbwttyp=PRFXWAIT;
runpreempt () ;
1:
¥:
exitprfx(p,ldp)

reqgister struct pcb *p;
register struct 14 *1ldp;

{
ldp->ldgate.gatesent+;
lip->ldgate.gateownr=p:
relpfx (1dp,p):

1

initproc (p)

register struct pchb *p;

{
reqgister struct pcb *q, *1q;
p->pcbruntm=0; p->pcbslice=0;

p->pchstart=0;

p->pcbnest=0; p->pcbovrim=0;
p->pcbprior=LOWPRIOR; p->pcbabort=0;

p->pcbparnt=curpcb; p->pcbfchld=(struct pchb *)0;

p->pcbnchld= (struct pch *)0;
if (curpch) ¢{

lg=(struct pch *)0; g=curpch->pcbfchld;

while (q) {
lg=gq; gq=gq->pcbnchld;

13

if (lg)} 1lg->pcbnchld=p;

else p->pcbparnt->pcbfchld=p;
}
p->pcberlvl=currlevl (p) ;
P->pcbhbwityp=NOWAIT;
p->pcbstlvl=255;
p->pcbexlvl=0;



p->pcbpcbid=mnextpcbid++;
rdyenter(p) ;
rvdyresched() ;

}

initprg(p)

register struct pcb *p;

{
p->pcbruntm=0; p->pchslice=0;
p->pchstart=0;
p—>pcbnest=0; p->pcbhovrtm=0;
p->pcbprior=LOWPRIOR; p->pcbabort=0;
¥

endproc ()

register struct pcd *p, *1p;
if (curpcb->pcbparnt) {
lp=(struct pcb *)0;
p=curpch=->pcbparnt->pchfchld;
while (p!=curpcb) {
lp=p: p=p->pcbnchld;

}
if (lp) lp->pcbachld=p->pchbnchld;
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else curpch->pcbparnt->pcbfchld=p->pcbnchld;

if ({curpcb->pcbparnt->pchexlvl > 0)
{curpcbhb->pchbparnt->pcbwttyp == EXITWAIT))
remvvwait (curpcb->pcbparnt) :

1

if (curpcb->pcbfchld) aberd(984) ;
curpcb->pchbwttyp=DEADWAIT;

if {(curpcbh==initpch) kernhalt=1:
runpreenpt () ;

}

erndprog ()

{
register struct pch *p;
p=curpcb;
entrwait (EXITWAIT);
p->pchbexlvl=currlevl (p};
chkpterm(p);

}

stopprqg (p)
register struct pch *p;
{
if (p'=curpch) abend(123):

stopfam (comm. pchbparm,currlevl (curpch)i

}

pfxstopint ()

{
register struct pcb *p;
p=curpch;



entrwait (EXITWAIT);
chkpterm(p) ;
}

rsetprog{)

{
carpch->pchstlvl1=255;
curpch=->pchexlvl=0;
curpcbhb->pcherrln=0;
carpchb->pcberrcd=0;

}

gatedelay(q,q)

register struct pch **qg;
register struct gate *qg:
{
if (*q) kernerr(0,DELAYERR,0) ;
else {
¥g = curpcb:
entrwvait (QVARWAIT) ;
}:
g->gatesen—-;
if ({!g->gatewaitq.pcbgfrst)
$ifdef GATEASSIST

if (g->gatesem>=0) g->gatelock=0;

else ;
#else
g->gatelock=0;
#endif
else
renvwait (getq({Eg->gatevaitq));
1

gatecont {(gq,q)
rTegister struct pcb **q;
register struct gate *g;
{
g->gatesen—-—;
if (1*q)
gateexit (qg);
else {
#ifdef GATEASSIST
{*g) —->pcbprior=MONPRIOR;
#endif
remvvwait (*q) 3
g->gatesemn++;
*q = (struct pcbhb *) 03
$ifdef GATEASSIST
curpcb->pcbprior=LOWPRIOR;
#else
if (! --curpcb->pcbnest)

curpcbhb->pcbprior = LOWPRIOR;

#endif
rdyresched () ;
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1

varinit ()

{

#ifdef ENTRYCOUNTS
register int i;

#endif
initg(8clockevent);
kernhalt=0;
extwaits=0;
nextpcbid=1;

#ifdef ENTRYCOUNTS
for (i=0; i<=ENTRLAST;

entrcounts{i1=0;
#endif
}

attribute(parm)
register int parm;

{
switch (parm} f§
case ATTRCALL: return{(int)
case ATTRHEAP: return{{int) mark(})):
case ATTRLINE: return{curpcbhb->pchberrln)
case ATTRRSLT: return {curpchbh->pcberrcd)
case ATTRRTINM: return{cuarpckt->pcbrurtnm)
default: return (0);
3
}s

/¥ 0S/32MT SYC 1 and 7 emulatiorn */

reposn {fd,statptr,l1seek2,1seek3,ctlarqg)

i++)

int fd,lseek2,lseek3,ctlargqg;
register struct stat *statptr;

{
if ((statptr->st_mode & S_IFMT)==S_IFREG)
/* normal file */
if (lseek {fd,lseek2,lseeck3} <)
abend (460) ;
1
else | /¥ try mt ioctl */
if(ioctl(fd,ctlarg,0) <0)
abend (861) ;
};
¥
svcl {p)

Tegister struct svciblok *pg3

{
short £fd;

int lens
struct stat statbuf;

curpch) ;

{

PAGE 148



PAGE 150

fd = lufd[ p->svctlul;

if {(p->svcilu==0) fd=1;

if (FA<0) {
fprintf (stderr,"invalid lu ¥%d-n"Y,p->svcilu) ;
abend{B40);

}:

if (p->svclfc & 0x80) { /* command function */
fstat (£d,&statbuf);
p->svcista=0x00;
switch (p->svecifc) {

case 0Dxc0: /% rewind */
reposn(fd,&statbuf,0,0,0);
break;

case 0xa0: /* bsr */
reposn (fd,&statbuf,-512,1,0);
break;

case 0x90: /% fFsr %/
reposn(fd, &statbuf,512,1,0) ;
break;

case 0x88; /¥ wEm %/
reposn(fd,Estatbuf,1,0,0);
break;

case 0x84: /* Esf %/
reposn(fd,&s+tatbuf,2,0,0) ;
break;

case 0x82: /% bsf */
reposn(fd,&statbuf,0,0,0);
break;

default:

fprintf (stderr,millegal svc1 func-p") ;
abend (843) ;

¥
}
else [ /% data transfer */
switch(p->svcifc & 0xe0) ¢
case 0x00: /¥ wait */
break;
case 0x60: /* test and set */
abend (443) ;
default:
if (p->svcifc & 0x04)
if (lseek(fd,512*p->svcirad,0)==-1)

abend(bun);

len = p->svclead - p->svcisad + 1;
if ((p->svc1lu==0) &€ (p=>svc1fcE&0x10)) £f£a=0;
if (p->svcifc & 0x20)

len=write (fd,p->svci1sad,len) :
else len=read (fd,p->svcisad,ler);
if {(p->svcilxf=len) <)

p->svcista=0x84;
else if (len==0)

p->svcista=0x88;
else p->svcista=0x00;
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break;

convfd {in,out)
reqgister struct osfd *in;
register char *out;
{
register char *p;
register int i:

p=out;

if ({in->fdact==1s') {in->fdact==15"}) {
strepy (p, "/usr/pas32/sysfiles /") ;
pt=strlen(p};

13
for (i=0;3i<=7; i++)
if (An->faAfn[iil=" ') ={p++)
if (in->fdex+t[01=' ') *{p++) = 9,
for (i=0;i<=23;i++)
if(in->fdext[i]i=" ') =(p++) = in->fdexili:
*(p++) = 03
fprintf (stderr,"in=%1€.16s out=%s-n",in,out);

in->fdfnli1;

svcT {p)
register struct svc7blok *p;
{
int fd,lu,cmd;
char fnl327;
short mode,append;
struct stat statbuf;

if (p->svc7cmd & 0xd2) convid (Ep->svc7fd,fn) ;
lu=p—->svcTlu; p->svcista=0;
cnd=p->svc7cnd;
if (cmd) [
if {cmd & 0x80) { /7% alloc */
fd=creat (fn, 0664) 3
if (fda==-1) [
fprintf {(stderr,"svec7? alloc error
on %s-n",fn):
p->svcTsta=5; returng

}s
if (close(fd) ==-1) abend(u72) ;
13
if (cmd & 0x40) ¢{ /* assign */
if(lufd[lult=-1) {
p->svc7sta=2; rteturn;
}
s

witch(p->svc7mod & 0xel) |
case 0x00- /% sTO0 */
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case (0x20: /* eTo ¥/

mode=0; append=0; break;
case 0xi40: /* swo %/
case 0x60: /* evo ¥/

mode=1; append=1; break:
case 0x80: /¥ sTw %X/
case 0xa0: /* STew */
case 0xc0: /* ersw %/
case 0xel: /¥ erw ¥/

mode=2; append=0; break;
13
if {(fd=open (fn,mode))==-1} {
fprintf (stderr,"svc7 open error
on %s-n",fn);
p—->svcista=4;
return;
13
if (append) lseek(fd,0,2):
lufdf lu1=f£f4:
cmd &= °0x40;

{cnd & 0x20) ¢ /¥ chap */
abend (480) ;

{cmd & 0x10) { /¥ rename */
abend (481) ;

(cmd & 0x08) ¢ /* reprot */
abend (482) ;

(cmd & 0x04) ¢ /% close */

if (lufdflut==-1) ¢
p->svc7sta=2;
return;

}:

close(lufdllu ) ;

lufdflul]l = -1;

cmd &= ©C0x04:

(cmd & 0x02) { /¥ delete #*/

if (unlink(fn)) ¢
fprintf (stderr,"svc7 delete error
on %s-n",fn);
p->svcT7sta=5;
return;

¥}

cmd &= ©90x02;

(cmd & 0x01) { /* checkpoint */
cmd &= ©°0x01;

/* fetch attributes */
{lufdf lul==-1) f

152



p->svcTsta=2;

return;
}
fstat (lufd[lu],fstatbuf) ;
p->svclkey=0; p->svcTmod=2;
p->svc7siz=statbuf.st_size;
p->svc7lre=512; p->svcTkey=0x7f7e;

};
Teturn;
13
J*VARARGS1*/
parmerrt (psg,argl,arg2,arqgl3,arqgl)
chkar *Msq
int argl,arg2,arg3,arqgl;
{
fprintf {stderr,"Error processing options - ") ;
fprintf {stderr,msg,argl,arg2,arg3,arqgl) :
fprin%tf {stderr,™n" ;
abend (123);
exit (999) ; _exit (999);
}

initmen ()

{

ragister struct sd *sdp;
register int *m;
register char *pem2;

men=sbhrk (memsize) ;

if ('mem) parmerr ("insufficient memory available™);

initpcb=(struct pch *) mem;
nen?=mem+PCBLEN;
sip=(struct sd *) memn2;
sdp->sdstkbot nem?;
sdp->sdstktop
sip->sdheapbt mem + memsize - 43
sdp->sdheaptp sdp->sdheapbt:
sdp->sdseqgstk 1:
for (m= ((int *) sdp->sdstktop)+1;
B < {int *) sdp->sdheapbt; m++)
*m = 0;
M = m;
iritpcb->pcbldb = &ipitpch->pcbld;
initpcb->pcbldb->1ldlevl = 0;
initpchb->pcbpd = 0:
initpcb->pchstlvl = 255;
initpcb->pchsdb = sdp;
iritpchb->pchpc main;

'_"c—
initpchb->pcbgprsf 271 = (int) sdp->sdstktop -
r =20

initpcb->pchall

(sdp->sdstkbottsizeof (*sdp)

+ 7))

1€ :
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/% The reboot function reinitializes the kernel and */
/* wvaribles. Once the kernel is reinitialized, the */
/% concurrent program is restarted from the irpitial %/

/* process., */
reboot ()
{

free{men);
kernircit (Ecomnm) 3
curpch=03;
rdyirit ()
clockinit () ;
timeinit () ;
varinit{);
initmem();
initproc(initpch);
¥3

/* The guitproq function terminates the program. =/

quitprog ()

{
kernhalt=1;
}
/¥ The unixcall function places the user in the unix */

/*¥ shell, The process performs a fork and assigns the */
/* shell execution to this new child process. Once a */

/¥ command is executed by the shell, the user is */
/¥ r7returred to the concurrent pascal environment, */
unixzcall ()

{

register (*savint) {), pid, rpid;

int retcode;

putchar{'$");

putchar (¥ 7);

if ({pid = fork()) == 0O ¢
signal (SIGQUIT,o0ldguit);
execl ("/bin/sh", "sh" "—tu 0y
exit (0100) ;

}

savint = sigral (SIGINT,SIG_IGN) ;
while ((rpid = wait (fretcode)) != pid &F rpid = -1)

signal (SIGINT,savint) ;

}s

/*¥ The time functior provides the kermnel time. Tlis */
/*¥ fanction is utilized by the routines whick call the */
/* rTealtime function. *

timeproc (sec)
register int sec;



ftime (tp);
sec = tp->*ime - now;
return (sec) ;

s

starttime ()

{
ftime (tp) ;
curpcb->pchstart=tp->time;
1;
stoptime ()
{
int runtime;
f+ime{tp):
curnh=>pchstop=tp->tine;
rur*+ime=curpcb->pcbstop - curpcbk->pchstar+;
curpch->pcbruntm=curpch->pchruntm + rurntime;
}s

scanparms{argc,arqv)
int argc;
register char **arqv;
{
register char *p;
char *fnptr;
char tempfnl 16 1;

int fd;

char ftype;
short fnumg
int i

nemsize=32%1024;
for (i=0; 1<32; i++)
Iufd{ il = =13
argv++: argc--;
while (argc) {
if((*argv){ 0] == '-')
switch {{*arqgv)}[ 1] {
case "kt':
memsize=0;
for (p= &({*ergv)[27) ;*p;p++)

PAGE

if((*p >= '0') && (*xp <= 19))
mensize = 10*mensize + (*p-'0"):

else if ((*p == 'k"))
memsize *= 1024

else parmerr ("irvalid -k syntax")

breaks
case '"f':
fnum= (*argv)f2] - "0,
if ((fnum<0) (fnum>9))

parmerr{"invalid file number")

ftype = (*argv)[37;
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if (' ftype) ftype='w';
switch (f+ype} {
case 'r';
case "w!
case '+¢
case 'x¢'
break;
default:
parmerr ("invalid file type"):

13

if (ftype == "vi') {
strcpy(temnpfr, " /tnp/cpasYIXYXI"™) ;
mktemp(temnpfr) ;

fnptr = tempfng;

}
else {
faptr = argvl 11;
argv++; argc--;
¥s
if (ftype == 'x') [

if ((fd=open(frptr, 2) ) <0)
parmerr (Yerror opering %s",fpptr):
1
else
if (ftype '= tr*) n
if ((fd=creat(fnptr,0€€l4))<0)
parmerr (Yerror opening %s",tempfn);
close (fd);
if {((fd=open{fnptr,2))<0)
parmerr{Yerror openirg %s",fnptr)
}
else
if ((fd=open(fnptr,0))<0)
parmerr (Y"error opering %s",fnptr)
if (ftype == *t') unlink (frptr):
dcbsf fnuml. dcbfd = £d:
lufdl fpum) = £4;
break;
defaul+t:
parmerr ("invalid op*ion code");

}

else parmerr ("invalid pararmeter format");
argv++; argc—-

mair {argc,argv)

inrt argc;

char *¥arqv;

{
oldquit = signal (SIGQUIT,SIG_IGN);
kernipit (Ecomm) ;3
curpch=0;
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reload=0;
rdyinit () ;
clockinit () ;
timeinit ()
varinit () ;
scanparms {argc,argv) ;
initmenm () 3
initproc{initpch) ;
while (!'kernhalt) {
if {!curpcbh) rdyselect{);:
starttime ) ;
sigsend(5clockevent) ;
if (kernmhalt) break:
if (('curpch) && lextwaits) kerndead ():
serve {curpch) ;
stoptime();
entrcentsl comm.entrcode J++;
switch (comm.entrcode) ¢{
case ENTERROR:
kernerr (comm.intpare1,0,0); break;
case ENTTASKQ:
abend (333)
case ENTSTOPI:
pfxstopi() ; break;
case ENTIPROG:
break;
case ENTIPROC:
initproc(comm.pcbparm): break:
case ENTEPROC:
endproc(); break:
case ENTTPROG:
endprog () ; break;
case ENTDELAY:
gatedelay(comm.qparn1,comm.gateparm) ;
break:
case ENTCONT:
gatecont (comnn. gparnl,conm.gateparn) 3
break;
case ENTEXCH:
gatexchg (comm.gparml, conm. gparm2,
copn.gateparm) ; break;
case ENTIMO¥W:
gateinit (comm.gateparm): break:
case ENTGENTR:
gateentr {comm.ga*teparm); break;
case ENTGEXIT:
gateexit (comm.gateparm); break:
case ENTIOREQ:
ioreq{comm.ioparmi,comn. ioparm2,
comm.intparml); break:
case ENTOTRAC:
break;
case ENTPFXEN:
entrprfx {curpcb,comnm.ldparm) ; break;
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ENTPFXEX:

exitprfz (curpch, comm. ldparm); break;

ENTATTR:

*comm.intrslt1=at+tribute (comm.intparm?2) ;
break:

EXYTSETH:

release(comr.intparml); break:;
ENTSTART:

rsetprog () ; break;

ENTSTOP:

stopprg {comm. pchparm) ; break;
ENTWAIT:

sigawait{) ; break;

ENTREALT:
*comm.intrslt1=timeproc(timeparn);
break;

ENTSVC1:

svcl (comm.svclptr) ; break;

ENTSVC2:

abend (222) ; break:

ENTSVCT:

sve7 (comm. svc7ptr); breaks

ENTGMEM:

abend {888) ; break;

ENTBREKPT:

kernerr (0, BREPTERR ,comm. intparml) ;
break;

ENTSVC15:

abend {555) ;

ENTONOQPEN:

*comm,.intrslt1=-oper (comnm.ioparm2,
comm.intparm2); break;

ENTUNREAD:
¥compmh.intrslt1=read(comm.intparnmi,
comm.ioparm2,conm.intparm?) ; break;

ENTUNWRITE:

*comm.intrsltl=write (comm.intparmi,
comm.ioparm2,comm.intparm2) ; break;

ERTONCLOQSE:
*comm.intrslt1=close (corm. intparmi)
break;

ENTUNCREAT 2
*comB.intrsltl=creat(comm.ioparm2, 0777} ;

break;

ENTUNACCESS:
*comm.intrsl*1=access (comm. ioparm2,
conmm.intparm?) ; break;

ENTUNCALL:

unixcall() ; break;

ENTQUIT:

quitprog () ; break;

default:

1

abend (999) ;
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} s
fprintf (stderr,"Main program has termirated-n") ;
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pas.con prog unix concurrent pascal library
* copyright robert young 1982
b4

T dedkk gk gfok kokdo ek hdkckk okl ek sk deck ke ok ok ok de e ek ek ok ok koo ks dkesk ek

* *
* concurrent pascal library routines *
* %*

3 e e ek e o ke ek e a3 e e ok sk ek e e dfeske sk sk e e ok skl sk skl kel e ook ok ek kR ok kel sk ke ok

robert young
department of computer -science
kansas state university

these routines are the library routines supporting
cpascal /32 under unix, they are based on those
supplied with pascal/32 and on those used in the

navy 1€-bit system with extension to support a kerrel
written in pascal/32 and multi-level concurrent program*

% X % H H# O

additional user entry points added by
patrick wayne ireland
may 2, 1979

the additional entry points are for the following:
{1y svct's

{2) svc2,23'S (GET ELAPSED TIME)

{3y svcl's

upix file system interface points added by
martin wilde
november 1983

the additional entry points added are:
(1) unix open

{2} uniz read

(3) unix write

{4) uanix close

(5) unix call

{6) exit progranm

03 3 K 3 % M W 3 A e M 3 M W 3 W 3 3 N N W % N

OO e 3 O 9 3 3 M 3 % 3 W o H O

S S Fe R ok 3k ook v sk s de ok ok e i okl o ok ol ok sl ok ok ok ook ol oo ooode i sk skalook sk okesk ok ok sl el dle ke sk sk ko b b
*

entry p_main task entry point

entry serve kernel process serve routine
entry kerninit kerpel initialization

entry poplevls kernel pop multiple levels
entry currlevl kernel current level functiorn
entry mark kernel interface to mark
en*try release kerrel interface to release
entry getpmenm kernel interface to get menory
entry p_conlib library base

entry c_main addr of main progran

space 1

extrn C$MAIN entry *o concurrent progran
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¥ axtrn P$BASE base address for conc proqgran
extrn sigrnal
extrn abort
title machine defiritiomns
3% 23 e s s ok 3 ol s sk sdese sk e s sk ofe aleoke sl ke e sle sbeoke sleale alksleok e sl e o sl adeole skl e e ook ek sle ok skl ek ek e ok

* *
* library options *
* *
e afe el st ok sk s o ol e 3k 3k e o ek ole ke e e ok ok okl e o o e adeake ok o e ok ok Sl ok ok s s Sk e sk ook e koK ok e e ok
libgate equ 1 include library gate assist code
space 3
sk ok o Fkdok ok ok gk ke kk ok sk ko ook ook ko ok bk ok ek ko okok ok R ke ok ok k
% *
* machine definitions *
* %*

e e sk e e o ek desk ke ke e sk e e ook ek sk sk oo sfe s e e sk e sheade e s e e sk sheoke sk ok e afe ol ode e sk ek ke okok sk sk e

byte equ 1 byte length in addressing units
halfword equ 2 halfword

boolean equ 2 bhooleans are 2 bytes in pascal/32
integer equ 4 iptegers are U bytes imn pascal/32
address equ ) addresses are 4 bytes 1n pascal /32
real. sgl equ b single precision real

real. dbl equ 8 double precision real

*

lbyta eqgu 0 shift to convert byte/byte
lhalfwrd equ 1 shif+ to convert hword/byte
lboolean equ 2 shift to convert boolearn/byvte
linteger equ 2 shift to conver® integer/byte
laddress equ 2 shift to convert address/byte

title register definitions
fokdkekdkdkkdk dkkkk ke kkokskokkkokokdok dokdkodok frdkk ko bk kk kkkok Rk ok kkk ok ok

* *
*¥ register definitioms *
% %
0 equ 0

sktp equ 0 r0 = stack top limit

1 egu 1

ghb equ 1 r1 = global base

r2 equ 2

1b equ 2 r2 = local base

r3 equ 3

Tl equ y

rs equ 5

T6 equ 6

r? equ 7

r8 equ 8

r9 equ 9

r10 equ 10

11 equ 11

iscr? equ 11 r11 = librarvy scratch

12 equ 12

Iscri equ 12 rt2 = library scratckh

r13 equ 13

reslt equ 13 r13 = library fanction result
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arg2 equ 13 r13 = library arqument 2
rthy equ 14
argi equ 14 14 = library argqument 1
Ti5 egu 15
ulink equ 15 r15 = user link
1lirk equ 15 15 = library lirk
space 3
*
* error codes
P
err equ x*8804" define error pseudo-op
*
irng.er egqu 1 innex range error
prng.er equ 2 parameter range error
vrng. er equ 3 value range error
case.er equ 4 case label error
trrc.er egu 5 trurc bif range error
vrnt. er equ 6 variant tag error
pntr.er equ 7 pointer error
stck.er equ 8 stack overflow error
heap. er eqmu 9 bheap overflov error
inst.er equ 16 illegal instruction error
memf. er equ 17 memory fault error
ovil.er equ 18 arithmetic overflow error
title system data structures
*
* mark stack record
=
ns struc
11 ds address local link
ra ds address return address
gl ds address global link
141 ds address level descriptor link
mslen equ * length non-prefix stack
rl ds address prefix ent+try link
ends
space 3
sk
* monitor gate
*
gate struc
gatesem ds halfword semaphore lock
gatelock ds boolean normal boolean lock
gateq ds 2*address queune
gateownr ds address owning process
ends
space 3
&
* level descriptor record
x
14 struc
1411 ds address local link
ldra ds address return address

ldqgl ds address global link



14141
ldsdl
lds%l
ldlevl
ldgate

*x
sk

=

sd
stackbot
stacktop
teaptop
heapbot
seglstak

&
=
*

comn

entrcode

nevpch
gparnm 1
gparm2
gateparn
pchbparnm
intparml
intparm2
joparm1
ioparm2
intrsltl
intrslt2
kernr?7
svcliptr
svcTptr
ldparm
svciSptr
segmap

%
-4

*

pch
qlink
stat

pc

sdb

1db
errcode
errline
allregs

ds

ds

ds
equ
ds
ends
space

stack

struc
ds

ds

ds

ds

ds
ends
eject

kernel communications area

struc

ds halfword
das

das 1

das 1

das 1

das 1

ds integer
ds halfword
das 1

das 1

das 1

das 1

das

das 1

das 1

das 1

das 1

ds 16%ha 1fword
ends

space 3
process control block
struc

das 2

das 1

das 1

das 1

das 1

ds halfword
ds halfword
ds boolean

address
address
address
ldsdl
gate

3

descriptor record

address
address
address
address
boolean
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level link

0ld stack descriptor base
0old stack limit

0ld level {redefined bvte)
gate for prefix

bottom of stack

top of stack

top of heap

bottom of heap

true if sequential stack

kertnel entry code

new pch to serve

queue variable parameter
queue variable parameter
gate parameter

pcb param{init process)
integer value parameter
integer value parameter
ioparam parameter

io buffer parameter
integer func result addr
integer func result addr
¥kernel c stack pointer
address of svectl block
address of svc7 block

1d parameter

svc 15 parm parameter
segment sizes

gueue links

tsw stat

Program counter

stack descriptor base
level descriptor bhase
error code

error line number
restore all regs



stoplevl
gpregs
fpress
dpregs
pchbld
prchpb
fckild
rckild
pcbparnt
pcherivl
pchbexlvl
pchwt ype
pckid
prchlen

*

entry
crtf.o

%k

* follo

%*

.exit
entry
entry
extrn
extrn

¥ Tearran
sis
lda
sta
la
sta

envlp
lda
bz
ais
b

fndenv
ais
sta
sta
bal

* if main
sta
bal

*

_exit
lda
sSVC
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ds halfword stop intercept level
das 1€ gereral req save area
ds B8*real.sgl sngl precision fp regs
ds 8%real.dbl dbl precision fp regs
de ld initial level descriptor
das 1 prefix entrvy chain base
das 1 first child process

das 1 next sibling process
das 1 parent process

ds halfword creatior level

ds halfword exit level

ds halfword wait type

ds halfword process sequence number
equ x' 1400 compiler pch lergth
ends

title library links
library routine links

pure
crtl.o

equ  *
wing code is crt0O.s which must be at loc 0

equa 1
_exit
environ
main
exit
ge args on stack & call main routine
r7,2*%adc
r 0, 2*%adc(r7)
r0,0(c7)
r1,3*adc(r7)
rl,adc{r7)
equ ¥
r0,0(rc!)
frdenv
r1,adc
envlp
equ ¥
rl,adc
r1,2*%adc{r7) clobber orig argc
T1,environ
r15,main
routine returns, exit
r0,0(c7)
ri5,exit

equ *
r0,0({c7)
0,.exit



bss
environr

pure

p_links

*
-4
*
bss
acomm
currpch
kernlock
kernpend
kernsave
kernsbo*
usertswv
kernactv
kernexit
lastpc
*odebase
asegmap
pure

*
&
*

k$error
k$gserv
k¥ pfstop
k$cprog
k$init
k$ternm
k$cprogx
k$delay
k$cont
k%exchng
k$minit
k$menter
YSmexit
k$io
k$+trace
k$penter
k$pexit
k$kercal
k¥a*tr
k$sethp
k$start
k$stop
k$wait
k$realtn
k$svect
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das 1
org crt0.0+x¥100" start at end of udl
ds €=x41 space for library links

title udl extension

low core data areas

das 1 address of kerrel comm area
das 1 current pchb

ds boolean executing “DISABLED" code
ds boolean trap pending/task disabled
das 1 Ssave area on trap entry

das L kernel stack botton

das 2 user dispatch tsw area

ds boolean executing kernel code

ds 6 rx3 branch to exi+ library
das 1 last task g serve pc

dac P$EASE base address of corc program
das 1 addr of segment map

title kerrel entry codes

kernel entry codes

eqgu 0 user error

equ 1 task gqueue service

equ 2 pref exit stop intercept
eqgu 3 CONnc progran entry

equ i process init

equ 5 process termination
equ 6 CONC program exit

equ 4 delay standard proc
equ 8 continue standard proc
equ 9 exchange standard proc
equ 10 monitor irnit

equ 11 monitor entry

eqgu 12 monitor exit

equ 13 io standard proc

equ 14 trace

eqn 15 prefix entry

equ 1€ prefix exit

ega 17 start of user-defined
egu k¥kercal+0d attribute function

equ k$kercal+1 setheap function

equ k$kercal+2 start proceduare

equ k$kercal+3 stop procedure

edu kSkercal+i wait procedure

equ k8kercal+5 realtime procedure

equ k$kercal+b svc 1 procedure



k$svc2 equ
k$svc7 equ
k$getmen equ
k$brkpt equ
k$svc15 equ
k$unopen equ
k$unread equ
kunwrite equ
k$unclose equ
kSuncreat egu
k$Sunaccess equ
k$uncall equ
k8qguit equa

space
*
* start
s
space
pure
p_conlib equ
db

align

k$kercal+7

k$kercal+8

k$kercal+9

k$kercal+ 10
k$kercal+11
k$kercals12
k$kercal+13
k$kercal+14
k$kercal+15s
k$kercal+1¢€
kSkercal+17
kfkercal+18
k$kercal+19
3

of code
3

*
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svc 2 procedure

svc 7 procedure

get remaining memory
user breakpoint

svc 15 procedure
unix open furction
unix read function
unix write function
unix close function
unix create function
unix access function
urix call furction
exit concurrent progranm

start of library

c'COPYRIGHT 1982 ROBERT YOUNG

2

title p_sprog - enter sequertial program

called bal
user progran

sta
ai
la
1i
la
11
bal
dch
dch

dch

st
ai
bal
dch

o3k 3 3 3 S W e 3 % dE 3 % H o ¥ oK

space

p_sproqg sta
sta
ldar
br

1link,p_sprog
invoked bv:

1b,ms+11 (1b)
lb,ms
r3,dataspac
r4,datalen
r5,codespac
T&,parnlen
llink,p_prgcal
n

prefixi-*

prefixn-*

external routine invoked by:

1b,ms+11 (1b)
lb,ms

argl, proc
-1

3

gb,gl (1b)
argtl,ra(1lb)
gb,1lb
1link

p_sprog - sequential program entry

data space addr

data space length

code space addr
parameter length

invoke prog thru library
number of prefix routines
prefix routire offset

prefix routine offset

update local base
call exterral procedure
flag no prefix

save old globhal base
save ret addr to caller
set new gb

returr to seql prooram
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this should be studied in conjunctior with p_prgcal
which does most of the work for program invocation. note
this routire must also work withk calls to external pascal
procedures which also call p_sprog. p_prgcal fixes up
the registers to match those found on an external routine
call
title p_sprogx - sequential program exit
p_sprogx - seguential program exit
called bal 1link,p_sprogx
_sprogx lda gb,ql (1b) restore global envir
lda llink,ra (1b) restore return addr
1t 1scr1,0(1llink) get prefix count
bm sSprogx2 external routine exit
lda 1scr1,currpch get pch addr
lda lscr2,1db(1lscr) get 1db
lda r0,1dstl {1scr2) restore stack limit
1da 1scr2,1dsdl(1scr2) get old sdb
sta 1scx2,sdb({1lscrt) restore sdb
lda 1scr2,ldb{lscr) get 14 again
lda 1scr2,1d1dl1(1lscr2) get old 1ldb
sta lscr2,1db(1lscrt) restore ldb
1h 1scr1,0{11ink) get prefix count
aar 1scr1,1lscr1 double it
aar 1link,lscr! adjust returr address
progx2 ais 1link,2 skip prefix routine count
lda ib,11 (1h) restore 1b
br llink return to invoker
ajyain, p_prgcal should be studied to see how 1ld is built,
title p_new - allocate space on the heap
p_new - allocate space on the heap
called 1i argl,length length of area
11 arg2, stacklen(1lhb) current stack +top
bal 1lirnk,p_new call 1ib routine
st reslt ,ansver store result
new lada lscril,currcpchb get current pch
lda 1scri,sdb(lscr1) get stack descriptor base
ldar 1lscr2,arg?2 save stack top

1 reslt,heaptop{lscr1) ge* current heaptop

c reslt,0 (reslt) check if its still ok

bne nev.ov no—-heap overrun

ST reslt,arqg back up by item length

ni reslt,-8 rourd to double word

si reslt,address back aup ptr for ptr check
clr reslt,lscr?2 did we hit stack top??
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bl new,.ov ves—--heap overrun

st reslt,0(reslt) set pointer check word
newv.ok st reslt,heaptop(lscrl) store new heap top

1t r0,reslt set stack top limit

br 11link return to caller
nev.ov err heap.er,0 beap overrun error

X
¥ jtems or the heap are doubleword aligred and are preceded
* by a widrd which points to itself, +this is used for ptr
* checks and to ensure that the stack has not run into the
* heap since we do not currently store the max stack
* increment on procedure entry as was done in the 1€ bit
* versior. note that the heap grows downward from tke top
* of the region as in the 1€ bit version but differing from
* thz navy pascal/32. thus heaphbot is a higher address than
* heaptop. each program has a stack descriptor which
* contains the heap extents. this unlike the navy pascal/32
* code allows multiple sequential programs in one address
* space. the stack descriptor is addressed via the stack
* stack descriptor base in the pcb.

title p_mark - mark +the Leap top for later release

p_mark - mark the heap top for later release

B
*
E
* called bal 1link,p_mark
*
P

st reslt ,ansver
_mark 1i argl!,0 set 0-length element*

ldar arg2,1b set dummy stack top
b p_newv go allocate it and return
title p_rel - release heap space

FS

* p_rrel - release heap space

*

* called 1 argl,releasepoint

* bal 1link,p_rel release

%

p_rel 1da lscrl,currpch get current pcb
lda 1scr1,sdb(lscr1) get stack descriptor addr
cl argl heaptop(lscrl) above heap top?
bl relerr ves
cl argl,heapbot{lscrl) below keap hot*tomn?

* bnl relerr yes——-error
cl arg1,0{arg1) check word ok?
be relok yvyes—-continue

relerr err pntr.er,0 pointer error

relok A 1scr2,heaptop({lscr1) ge* current heap top
1i arg2,0 clear heap to zeros

reloop clr lscr2,arg1 are we to release point?
bnl redone yes—-stop clearirng
st arg2,0{1scr2) clear a word
ai l1scr2,address increment
b reloop continue clearing

redone st arg1,heaptop(lscr1) store new heap top

1r r0,arqgl set new stack top limit
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br

11ink
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return *o user

no>te that the release point actually includes a check

vord.

the check word will not be released.

title p_fort - fortran furction/subroutine call

p_fort - fortran function/subroutine call interface

called st
al
la
bal
dc
dc

p_alloc equ
p_fort sta

fort2

P_

% %

sta
ldai
sta
l1dai
ah
1k
ais
ar
st
ar
ar
1i
sta
1li
aai
sta
sta
ldai
clar
bfc
eTT
ldar
1dai
br
for+r equ
lda
lda
lda
lda
lda
br

1b,displ(1b})
1b,displ
argl,routine
1link ,p_fort
h*PARMCT Y
h'PARMLEN?

%
gb,8(1lb)

r0,12 (1b)
r3,4(1link)
r3,u4(1lb)
r3,0(1b)
r3,2(1llink)
r4,0{11link)
rh,1

rg,ri

ry4,0({r3)

Th,rY

rj,r3
TS5,y'23014300"
r5,0(ry)
r5,y'40000000°"
r5,p_fortr
r5,4(cH)
1k,8(rWh)

r5, 12+57€ (v )
r0,r5

8,fort2
stck.er,0
rt2,rs
ri15,2(c3)

argi

*
1b,-576-4(r 12)
gb,8(1h)

0,12 (1b)
1link,4{1hb)
1b,0 {1b)

llink

parm count
pascal parm list len

temporary kludge

save gbh in mark stack
save stack 1limit

conpute return addr

save return address

start of pascal parms
add length of pascal parnm
get parm count

iccrement

calc 2*(n+ 1) for fortrar
store it before fort parm
dble again to get actual
calc addr of end of parms
get pop ard front of rx3
cstore it following parm
get rx3 format part

get addr of returr poirt
store it following

ptr back *o rerk stack
calc end of fort work

did we overflow stack?
no—-fine

stack overflow error

set fort'S WORK AREA PTR
ptr to stuff from fort
branch to fortran routine
returr fortran routine
get ptr to mark stack
get global base

ge* stack limit

get return addr

get old local base

return to caller

this routine provides linkage to fortran 6 routirnes
incluiing members of the forté run time library. the

routines are declred

"FORTRAN'

rather than 'EXTERK' which

causes the compiler to build a seconé fortran-stvyle
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parameter list in which all parameters are passed by
reference. +this list includes space at the front for
irsertion of the stuff fortran requires preceding the
list (2(n+1)). this routine saves the pascal environment
in the 16-byte mark stack area and imserts a branch to
p_fortr following the parameter list to reqain control
when fortran returns. register 12 is set to point to the
top of a 576 byte library work area alloca*ted on the
stack. on return, r12 is used to find the

pointar back to the mark stack for returm to pascal. for
more information on fortran calling conventiors, see
interdata publication 29-5€5 fortran vi 32-bit run time
library technical description.

title p_scomp - compare sets for inclusion
p_scomp - compare sets for inclusion

compres two sets (1l <= r)

conputes (1 amd 1ty = 1, status will show equal if true
called la argl,l first arqument

la argz,Tr second arqument

bal llink,p_scomp link to library
scomp 1 1scri1,0{argl) cgenerate 1 and r

o] lscr1,0(arg2)

cl lscr1,0(argt) then compare with 1

bnzr 1link

i lscr1,inteqer {argt) just repeat

n 1scrt,integer (arqg2)

cl lscr 1,integer(argl)

bnzr llink

1 1scr l,2*inteqger (arqgt)

o lscr 1,2*inteqger (arqg2)

cl 1scr1,2*integer (arq1)

brnzr 1link

1 l1scr1,3*inteqger (argl)

n lscr1,3*¥integer {arqg?2)

cl 1scri,3*integer {arqgl)

br 1link

title p_sand - set and
p_sand - set and
computes 1 := 1 and r
called la argl,l
lda 1 arqg2,r
bal 1link,p_sand

sand 1 1scr1,0{arg2) just and a word at a time
n 1scr1,0(azcgt)
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compute

st
1

n

st

br
title

p_sor

1 :=

called la

_sor

computes 1 ==

1da1
bal

1
0
st

called la

_sdif

ldat
bal

lcs
X

n
st
lcs
X

n
st
lcs
X

1scr1,0(axrgl)
lscr1,inteqger (arqg2)
ilscr1,integer(argl)
lscr 1,integer (argt)
lscr1,2*inteqger {arqg?)
1scr1,2*integer {argt)
1scr1,2*inteqger (argl)
l1scr1,3*integer {arq2)
1scri1,3*integer{argl)
l=scr 1,3*inteqger (argl)
11ink

p_sor - set or

- set or

l or r

aragil,l
arg2,r
llink,p_sor

1scr1,0 (arqg?)
l1scr1,0{argtly)
1scr1,0({arql)
lscrl,integer (arg?2)
lscri,integer {argl)
lscr1,inteqer (arqgt)
lscr1,2*integer (arg2)
l1scr1,2*integer (argl)
lscrt1,2*¥ircteqer(argl)
lscrt,3*integer (arc2)
1scr1,.,3*integer (argl)
1scr1,3*integer{aral)
1link

p_sdif - set difference

- set difference
l1-r
argl,l

arg2,r
11link,p_sdif

lscri,1 get X'FFFFFFFP?
generate 1

1scr1,0(arg?)
1scr1,0{argi)
1scr1,0{argl)
lscri,t
1scr1,irteger({arg?)
1scri,integer(argl)
lscr1,integer {(argt)
lscr1,1

1scr 1,2*integer (arq?)
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just or a word at a time

1l and ro+t r
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n lscri1,2*integer (arqg1)
st lscri,2*integer{argl)
lcs 1scr 1,1
X 1scr1,3*integer{arq2}
n lscrt,3*integer (argl)
st lscr1,3*integer (argt)
br 1llink
title p_stcpy - structure copy
*
* p_stcpy - structure copy
%
* copy a structure 1 z:=r
b
* called la argl,l
* la arg2,r
* bal 1link,p_stcy
* dch <structure length>
*
p_stcpy 1lh 1scr1,0(11ink) get byte count
sis lscri1,inteqer decrement for first word
ais llink,halfword comnpute return address
pstcpyl 1 lscr2,0{arg2,1scr1) fetch word
st lscr2,0(argl1,1scr1) store word
sis lscr1,integer decr count /offset
bnm pstcpy1 continue
br 1link return to caller
title p_stcmp - structure compare
S
* p_stcmp - structure compare
&
* compare two structures
*
* called la argl,l
* la arg2,r
* bal llink,p_stcmpx (x = 0..3)
* dch <structure length>
*
*¥ th2 wvarious routines correspond to the number of excess
¥ bytes over complete words in the structure. the
* structures must be fullword aligned, 1length does not
* include odd bytes.
*
p_stzmpl lis lscrt,0 clear
sh 1scr1,0 (11link) get neqg length
ais l1lirk,halfvord compute returr address
pstcmp0 1 1scr2,0 (argM)
cl 1scr2,0{(arg2)
bner liink
ais argl,integer
ais arg2,integer
ais lscri,integer
bngz pstcmpl
lis 1scr2,0 set cond code zero

br 1link



p_stempl ais 1link,bhalfword

pstcapt

pstcmpla

P_

stcop?2

pstcmp2

pstcnp2a

P_

stcmp3

pstcap3

pstcop3a

* O3 H ¥ ¥ *

called

lis 1scrt,0

sh lscr1,~-halfword (1l1link)
bz pstcmpla

1 1scr2,0(arqgl)
cl lscr2,0(arg2)
brer 1link

ais argl,integer
ais arg2,integer
ais lscr1,inteqger
bnz pstcmpl

1b lscr2,0(argl)
cld 1scr2,0 (arg?2)
br 11link

ais llink,halfword
lis 1seri,0

sh lscr1,~halfword {11link)
bz pstcmp2a

1 1scr2,0{arql)
cl lscr2,0{arqg?2)
brer llink

ais arqi,inteqger
ais arg2,integer
ais lscr1,integer
bnz pstcmp2

1h lscr2,0{argl)
clh 1scr2,0{arg?)
br 1link

ais 1link,halfword
lis 1scri,0

sh lscr1,-halfword (1llink)
bz pstcrpla

1 1scr2,0({arqgl)
cl lscr2,0{(arqg2)
brer 11link

ais argl,integer
ais arg2,integer
ais lscri1,inteqger
brz pstcup3

1 lscr2,0 (arg2)
1 lscr1,0(argl)

stls lscr 1,8

srls lscr2,8

clr lscri,1scr?2

br 11link

title p_cprog - concurrent program ertry

p_cprog — concurrent program entry

1i argl,stacklen
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stack reguired init proc

bal 1llink p_cprog call library

see p_prgcal for program invocation details.
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space 3
p_cprog sail 1b,pcblen-mslen offset init proc addr
sai argl, pcblen—-mslen adjust stack size also
ldar gb,lb set global base for proc
lda lscril,currpcb get pchb addr
l1da l1scr2,sdb(lscr 1) get stack descriptor addr
lis arg2,0
sth arqg2,seqlstak {1scr?2) not a seqgl stack now
lda l1scri1,stacktop{lscr2) get old stack top
aar lscrt,arg calc new stack top
ais lscxr1,7 round up to dw boundary
nhi i1scr1,-8 the benefit of any reals
cla 1scrl,heaptop(lscr2) overflow memorvy?
bnl stackerr yes—-stack limit error
sta lscril,stacktop(lscr?) set new stack top
ldar t0,1lscrt stack limit for conc prog
lis lscr1,1 get true
sth 1scri,kernlock lock the kernel
lda lscr1,acorn load comm area addr
1ldai argl,k$cprog conc prog entry
b kerncall call kermnel, exit 1link
b4
* note that a conc program must be invoked by a process
¥ and we will use its pcb. therefore, we need not use up
* memory at the front of the global space for the pch which
* the compiler allocated. we can also assume ¥We are the
* only nser of the data space, and thus kernel
* exclusion is not required immediately. most of the work
* 1is performed by p_prgcal and it should be studied for
* details of entry linkage. currently parameters to conc
* prograks are not supported, nor are prefixes.
-3
title p_cprogx - concurrent program exit
*
* pP_CpProgx — cohcurrent program exit
¥
* called bal 1link,p_eprogx
*
space 3
p_cprogx lda lscr2,currcpch get pcb addr
lda 1b,1db(1scr2) ret via 14 to pcb offset
lis lscr1i,t true
sth lscz1,kernlock lock the kermnel
1lda lscrl,acomm get comm area addr
ldai argl,k$cprogx conc prog exit
bal 1link,kerncall call kernel, return here
b pP_Sprogx rest is just 1like seql
*x
* note that it is assumed that the kernel will not re-serve
% +he terminated initial process until all of its chilédren
¥ have been terminated. when it is again served i+ will
* return *o its caller. code in p_sprogx (sequential
* program exit) is used to restore tke
* invoker'S ENVIRONMENT, ETC.
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title p_prgcal - program invoke
p_prgcal - programr invoke

called sta 1b,ms+11 {1b) save 1b
ai 1lb,ms update 1b
la r3,dataspac get data space addr
1i r4,datalen get data space length
la r5,codespac get code space addr
11 r6,parelen get paran+ms lenqgth
bal 1llink,p_prgcal call tkru library
dch prefizct prefix routine count
dch prefix1-* prefix routine offset
dch prefixn-* prefix routine offset

program_mode uses 80-byte mark stack which is large
enough to build a level descriptor.

space 3

p_prgcal sta gb, 1dqgl (1b) save gb

sta link,ldra(lhb) save return addr

lda r7,currpch get current pchb

lda r8,1db({r7T) get current level desc base
sta r8,1d1dl (1b) save o0ld 1db ir rew 14
lda r9,sdb{r7 get stack desc base

sta r9,1dsdl (1b) save old sdb in new 1d

1lb r10,ldlevl(r8) get caller level-1

ais riog,1 get caller level

stb r10,1dlevl (1b) set called prog level-1
lis r10,0 nil ptr

sta r10,ldgate+gateqg (1b) clear the gate
sta r10,ldgatetgateownr{(lb) clear owvwner
sta r10,ldgatetgateq+adc {(lb) second word also

lis r10,1 true
sth r10,ldgatetgatelock(lb) set lock flag
lcs ri0,1 get -1 value

s+h r10,ldgatetgatesen(lhb) set sem unlocked
1h r10,seqlstak {r9) is this seql stack?
bz prgcal1 no--no stack top calc necessary
ldai ri10,0{ré¢,1b) calc currert stack top
sta r 10 ,stacktop(r9) update stack top in seql =sd

prgcalt sta r0,1dstl(1lDb) save stack limit in new 1d

cla r3,stackbot (r3) does data space contain a sd?
be prgcal? yes—--no% necessarvy to initialize it
sta r3,stackbot {r3) set sd as bottom of stack

aar r4,rc3 calc end of data space

sis rh,adc back up a word

sta ri4,heapbot {r3) that is always heap bot

sta rh,heaptop(r3l) and currert heap top
sta r4,0({rl) initialize release point
1dai ri,sd (r3) skip over stack desc

ais rl,7 round up to nearest

17¢
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nhi r4,-8 doubleword bourdary
sta r4,stacktop({rd) set current stack top
1lis rh, 1 true
sth ri,seqlstak(r3) assume a sequential stack for now

prgcal2 lda ri,stacktop({r3) get stack top

lis lscr1,0 value for memory clear

1h lscr2,seqlstak(r3) is it a seql stack?
bz prgstker no--can'T RE-USE ACTIVE CONC STACK
lda lscr2,heaptop(z3) lipit for clear
sar lscr2,rt amnt of memory *o clear

bnp prgstker no space in stack--error
clar lscr2,ré is there enough space for parms?
bz prgstker no--bad stack

prgcal2a sta 1scr1,0(rY) clear a word
ais rf,adc incr ptr
sis lscr2,adc decr bytes lef+t
bp prgcal2a continue clearirg stack
sta r3,sdb{c7) set newv sdb
lda gb,stacktop(r3) nevw mark stack/parms go
ldai r4,mslen-1ld(gb,r€) calc stack required
cla r4,heaptop (r3) is there enouqgh?
bnl prgstker no—-—-error
1lm r12,0 (1b) get 11/ra/qgl/1d4dl from 14
stm r12,0 (gb) copy onto new mark stack
sta 1b,1db(c7) set new 1ldb from old stack
sai re,ld rem 1d size from parmlen
bz prgcal3ia rotking more to copy
pracal3 1lda rl,ld-adc{r6,1b) get a parm caller'S STACK
sta tlh,mslen-adc(r6,gby store or new stack
sis TE, U decr parmlep
hnz prgcal3 continue copy
prgcal3a ldar 1b,gb set 1b to new mark stack
lda gb,ql (1b) old gb for pas/32 compat
lda arqgil,ra (1b) restore return addr in r1d
ldar 1llirnk,argl and ir llink
1da 0 ,heaptop (r3) load new stack limit
br r5 branch to program
rgstker err stck.er,0 stack limit

o W o W % O M O H N W N M WD

a programR invocation is considered an upward
lavel-crossing call. the state of +t+he previous level is
saved in a level descriptor, which is an extended mark
stack. the level descriptor exists on the caller's

STACK FOR PROTECTION, AND IS used +to

restore the caller'S ENVIRONFE¥T EITHER DUE TO A

program termination or a prefix call. a pseudo-register
in the pcb (the level descriptor base, 1db) points to the
current level descriptor. the called program receives a
normal global mark stack (16-bytes) on its stack followed
by the parameters which are copied from the old stack.

the caller supplies through extra parameters a variable
which contains the code (where the first locatiom is
assumed to contain a branch to the initial procedure),
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and a variable which is to be the data space

{(stack/heap) for the called program. a stack

descrip*or is built in the data space which describes

the used and unused space in the data space. for a
sequential program, the stacktop/stackbot are not
explici+ly maintained during execution to reduce
overhead. however, they are calculated

whenever the stack descriptor base (sdb) is to be changed.
heaptop/bot are maintained by new/mark/release routines.
for a concurrent program, process space is allocated from
tke bottom (stackhot/top) as processes are inited, ard
stacktop always points to the beginning of unused space.
a data space variable can be re-used (through a recursive
run-type prefix routine, for example) as long as all uses
are seguential. re-use is detected by checking the first
word of the data space. therefore, the first word should
be initialized by the user to zero to prevent
unpredictable results. sdb is also a psuedo-reqgister

ir the pch.

for more information, refer to my diagrams.

title p_prxcal - prefix routine call

p_prxcal - prefix routine call

called 1a r3,paral parameters
la r4,parm? e
sta 1b,ms+11 (1b) save 1b
aai 1b,ms update 1b
bal llink,p_prxcal call prefix thru library
dch routine-id prefix routire id

prefix rouwtine ids are 2, U, ..., 2*%n where there are n
routines.

space 3

prxcal sta 11link,ra (1b) save return addr
sta gb,ql (1b) save global base
lda 1scrl,curcpch get current pchb
lda 1scr2,1db(lscr) get caurrert 1db
sta 1scr2,1d1{1lb) current 1ldb prefix exit
1da gb,ldqgl(lscr2) get prefix's global base
lda argl,ldra(lscr?) get return addr
1lda 1scr2,1d1d1(1scr2) get old 1ldb
sta lscr2,1ldb(lscri) set as new 1ldb
1k l1scr2,0(1llink) get prefix routine id
sis 1scr2,2 make O-origir
bm prxerr error in prefix routine id
ch lscr2,0{argl) over limit?
bonm prxerr yes—--give error
aar 1scr2,lscr?2 double prefix number
ldai 1scr2,2(arg1,1lscr2) calc addr of displacement
ah lscr2,0 (1scr2) calc routine addr

br lscr2 branch to prefix routine
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prxerr err phtr.er,0 invalid prefix routine id
*
* vprefix routines run in the global environment of the proc
* in which they are declared. however, they run in the
* caller's stack since concurrent can'T HANDLE RECURSION
¥ THROUGH THE PREFIY as in solo'sS RUN PREFIX ROUTINE.
*
title p_prxent - prefix entry
*
® p_prxent - prefix entry
*
* called 11 arg2,stacklen max stack depth from
* prefix routine
* bal 11ink,p_prxernt call library
&
space 3
p_prxent aar arg2,1b calc end of local space
clar arg2,r0 did we hit limit?
brl prxstker yes--stack error
lda lscri,currpchb get pcb
13a lscr2,pchbpb (lscr 1) previous top prefix
sta lscr2,pl{lb) set prefix link
sta 1b,pchbpb(lscr1) set new top prefix
1éa 1scr2,1d1(1b) get 14 addr for gate
ifp libgate using gate assist code
lis 1lscri,1 constant
akm 1scr1,ldgatetgatesem(lscr?2) attempt to enter
bnz penter?2 must édo it the hard way
1da lscri1,currpchb get pcbhb addr
sta i1scr1,ldgate+tgateownr (1lscr2) set it f
br 11ink return if successful
endc , end of assist code
penter2 1ldai argl,kf¥penter prefix enter code
lis 1scri,1 true
sth lscri,kernlock lock kernel
lda lscr1,aconm get comm area
sta lscr2,ldparm{lscr1) 1d addr is the parnmn
b kernfull call kernel, returm user
prxstker equ * here on stack error on prefix call
lda lscri,currcpch get pcb
lda lscr2,141 (1) get 141
sta 1lscr2,1db(1lscr) pop a level
lda gb,ql {1b) restore gb
lda 1link,ra(1b) get ra
ais 11ink,2 skip over routine id
lda 1b,11{1b) pop levl bhefore err call
err stck.er,0 stack 1limit on prefix ent
*

title p_prxext - prefix routine exit
p_prxext - prefix routine exit

called bal 11link,p_prxext call library

% % % #* 3%



space 3
p_prxext lda

lda
sta
lda
sta
1da
ifp
lda
cl

be

dc

prxext5 1lis

v

sta
lcs
ahkm
bm
endc
ldai
lis
sth
lda
lda
sta
bal
Xxex*ld 1lda
léa
1b
ch
bm
lis
sth
lda
ldai
bal

prxext2 1lda

# # o ® ¥

#* 3% % W % W 4 %

lda
lda
b

1scri,currpch
lsecr2,141 (1b)
lscr2,1db(1lscr
lscr2,pl(lb)
lscr2,pcbpb{ls
lscr2,141(1b)
libgate
l1scri,currpch
1scr1,ldgatetg
prxext5

heQo

lscr1,0
1scri1,ldgatetg
lscri,1
1scri,ldgatetg
prxexty

r

argl,k¥pexit
1scr1,1
lscrl,kernlock
lscr1,acomn
1scr2,1d1(1b)
iscr2,ldparm(1l
llink,kerncall
1scrl,currpch
lscr2,1db(lscr
lscr2,1ldlevl(1l
lscr2,stoplevl
nriext?2
lscri1,1
lscr1,kernlock
1scrl,acomm
argi,k$pfstop
llink,kerncall
gb,ql (1h)
1link,ra (1b)
1b,11 (1b)

2 (11link)
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get current pcb
get old 1db
1) set it
get previous prefix
cr1) set in pchb
get 1d for prefix
lib gate assist code
get pcb addr
ateownr {lscr2) is +his owner?
yes——-fine
error in kerrel/library
set up for clear
ateownr(lscr?2) clear pch field
-1 for decrement
atesen(lscr?2) release gate
no contention--no kernel call
end of assist code
set up for prefix exit call
true
lock the kernel
get comm area addr
get 13 to release
scr 1) parm to kernel
call kernel, return here
get pch addr
1N restore current 1db
sCcr2) ge* current level-1
(1scr1) vwe above stop level?
no—-—-no problen
true
lock the kernel
get comm area addr
kernel entry code
call kernel, retuarr here
restore gb
restore returr addr
restore 1lb
ret skip pref routire id

this must be extended later to support the stop kerrel
function to check for returning to a stopped level
(return from a downward call).

title p_init - process iritialization

p_init - process initialization

called sta
la
aai
bal
lda

l1b,ns+11(1h)
ré€,tracevar
lb,ms
l1lirnk,pn
1b,11 (1b)

init'ER SAYES 1B
addr of trace word for pch addr
update 1lb
brarnch to process
restore 1lb from my stack



initi

init2

init2a

initer1
initstk

al code

1i
1i
bal

space
lis
sth
lda
lda
1k
bnz
lda
aar
ais
rhi
cla
bnl
sta
ldar
sta
ldai
lda
sta
1i
sth
1da
1b
sth
lda
sta
sta
sta
sta
lda
sta
lis
sth
sta
ldar
bz
lda
sta
sis
bp
equ
lda
st

1dai

dc
stm
lis
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in every process except initial process

rl,stackler stack requirements
r3,parmlen parareter length
r5,p_init call library

3

=¥y 1 true

r7,kernlock lock since updating concurrent sd
r7,currpch get initer's PCE
r8,sdb(r7) get his sdb

r9,seqlstak {r8) is it a conc stack?
initer1 no--bad news
r10,stacktop(r8) wvhere nev stack starts
r4,c10 calc end of new stack process stack
T4,7 round up to dw boundary
r4,-8 for the sake of any reals
rli, keaptop (r8) too much?

initstk yes--stack limit error
ri,stacktop(r8) set new stack top

4,10 front of stack is new pcb
rh,0(re) set pcb trace variable in initer
r6,pchbld(ry) where initial 14 is in pcb
T€,1db(r7) get initer's LDB
r€,ldb(rh) set the 1db for it

r9,255 get default stop level
r9,stoplevl (ru) set it

r9,1db(r7) get old 1db

r9,1dlevl(Tr9) get iriter level
r9,1dlevl(ré) this is inited process'S LEVEL
r6,sdb(r7) get initer'S SDB
ré,sdb(rl) this is new =db also for conc
r5,pc{ry) set new pc for new process

rh,lb*adctgpregs(r8) set his new 1)
T84,gb*adc+gpregs (r4) and his new gb

r5,stacktop (r8) get end of his stack
r5,r0*%adctgpregs{rl4) set his new stack limit
Te,0 false

r6,allreqs (rt) don'T NEED ALLREGS RESTORE
ré,pchpb (r) nrull prefix chain

rd,;r3 any parms to copy?
init2a no--good

r5,0(r3,1b) copy from 1b with 4-byte ms
r5,pcblen-adc(r3,r4y onto new stack

r3,adc decr byte counter

init2 continue copy

%

1scr1,aconn get comm area addr
r4,pcbparm(lscri) set pchb parameter
arg1,k%init init entry to kernel
kerncall call kernel, ret to irniter via 1llink
h*Q? re-using seql stack for conc
r0,gpregs{rcT save regs in pcb

r8,1 true
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nitstk?2

sth r8,allregs (r7)
ldai r8,initstk2
sta r8,pc(r?)

lda r3,aconn

b testqg

err stck.er,0
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force full restore

wvhere to return unlocked
set in pchb

set up for common code
go enable ard re-serve

stack limit on process init

process init allocates process space from the initer's
DATA space (which is really the whole current program's

DATA SPACE).

the first part of that space is the new

process's PCB and the pchb is followed by the init

pairameters.

notify it of the new process.
execution at its initial statement.

called

_term

_delay

the kernel is invoked to
the new process hegins

title p_term - process termination

p_term - process termination

bal liipk,p_ternm
space 3

1lis lscr1,1

sth lscrl,kernlock
1da l1scr1,acomm
ldai argl,k$term
bal 1link,kerncall
de h*Q?

title monitor procedures

call library

true

lock kernel for call
get comm area addr
entry code

call the kernel
error if he returns

p_cont - continue standard procedure

lis 1scri, 1

sth 1scr1,kernlock
lda lscri,acomm

sta argl,gparmi({lscr1)
sta gb,gateparm(lscri)
lda gb,ql (1b)

lda llink,Ta (1b) set
lda ib,11 (1b)

1dai arqgl,k$cont

b kerncall

space 3

true

lock kernel

det comm area

gueue variable addr

gate address = gb

get old gb

Treturn addr from monitor
get old 1b

continue kernel func
call kernel

p_delay - delay stardard procedure

lis lscri,1

sth lscr1,kernlock
lda lscrt,aconn

sta argl,gparml (lscrl)
sta gb,gateparn (1scri)
ldai arg1,k$%delay

b kerncall

lock kernel
coma addr
queue var addr
gate addr
kernel func id
call kernel
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space 3
*
* p_exchkng - exchaage standard procedure
b
p_exchng lis lscri,1
sth lscr1,kernlock lock kernel
lda lscri,aconm comm addr
sta argl,gparnl1({lscr1) qgqueue var 1 addr
sta arg2,gparm2 {(l1scr1)}y queue var 2 adér
sta gb,gateparm(lscrl) gate addr
ldai arg1,k$exchng kernel func id
b kerncall call kernel
eject
%
* p_Renter - monitor entry
*
p_menter equ *
ifp libgate using gate assist
lis 1scri,! increment
ahm lscr1,gatesen (gb) attempt to acguire gate
bzr 1link return if we got it
endc
mernter3 1ldai argl,k$menter func id
menter2 1lis 1scrt,1 true
sth lscri,kernlock lock kernel
1éa lscr1,aconn get comm addr
sta gb,gateparm{lscrl) set gate addr
b kerncall go call kernel
space 3
*
* p_mexit - monritor exit
-
p_mexi*t equ *
ifp libgate usirg library gate assist
lcs 1scr1,1 ready to release monitor
ahm lscr1,gatesem(gb) release the lock
bm nexity return if no one waiting
erndc
rpexit3 ldai arqg1,k$mexit func id
lis 1lscr1,1 true
sth 1scrl,kernlock lock it up
lda lscri,acomm get comm area
sta gb,gateparm{lscrt) store gate addr
lda gb,ql {1b) restore gb
lda llink,ra (1b) restore return addr
léa 1b,11 (1b) restore 1lb
b kerncall call kern, ret to mon caller
mexits lde gb,ql {1b) restore gb
lda 1link,ra{lb) restore return addr
1da 1b,11 (1b) restore 1b
br 1link return to mexit caller
space 3
b
* p_minit - monitor init
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func id
common code

true

lock kernel

get comm area
buffer addr
ioparam addr

io device rnumber
kernel func id
call kernel

3
p_mirit 1dai argil,k$minit
b menter?
title miscellaneous built in procedures
*
* p_io - io standard procedure
&
p_io lis lscri,1
sth 1scri,kernlock
lda lscril,aconm
sta r3,ioparm1{lscr1)
sta Tlh,ioparm2 (1lscrl)
sta r5,intparm1(lscrcl)
ldai arg1l,k$io
b kerncall
space 3

# 3% H OH O %

p_trace - compiler generated trace

lis
sth
lda
1k
st
1h
sth
ais
ldai
b

title p_kercal - user-defined kernel routine call

lscri,1
1scr1,kernlock
1scri1,acomnm
lscr2,0(1link)

lscr2,intparml{lscri)

lscr2,2{llink)

1scr2,intparm2(iscri)

11link, U4
arqgl,k$trace
kerncall

true

enter kernel

get comm area addr
get trace code

save in intparm1l
get trace arg

save in intparm?2
adjust return address
kernel entry code

go call kerrel

p_kercal - user-defined kermel routine call

called la

sta
aai
bal
dch

1lis
sth
1%
ais
aar
ldai
lda
ah
br

r3,parml
1b,ms+11 (1b)
1b,ms
1link,p_kercal
routine-id

1scr1,1
1scrt,kernlock
1scr2,0 (11ink)
1link,2
lscr2,1scr?2

1scr2,kerdecod (1lscr2)

lscrl,aconn
1scr2,0 (1scr2)
1scr2

parms
save 1b
update 1b

184

call kernel thru library

true

lock the kernel
get routine id
update returr addr
double routine id

get comm area addr
calc routine addr

the procedure-dependent routines follow this decoding

table.

in whick they are declared in the user concurrent

program.

the proc-dependent routine must store

*he parameters from the regs into the appropriate

get+ addr of offset

kernel routine id (0-origin)

branch to proc-dependent routire

there must be one entry per routine in the order



%k

%

&

*

%

* ldai
*

*

*

*
kerdecod
x

*

*
p_a*tr
*

%

*
p_sethp
*

*

*
p_start
*

*

kerncal2.

argl,k$xxxxx

space 3
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comm locatins (comm addressed via lscrl), set arg2 *to he
the k% functiomn id for the kermel, and branch to

are in registers r3,rtl,r5 dependent

on the number of parameters used. the

function id should be handled as followed as follows :

user-defined kernel routine decode table

equ
dcz
dcz
dcz
dcz
dcz
dcz
dcz
dcz
dcz
dcz
dcz
dcz
dcz
dcz
dcz
dcz
dcz
dcz
dcz
dcz

*
p_attr-%
p_sethp—-*
p_start-*
p_stop-*
p_wvait-*
p_realtm-*
p_svc 1-%
p_sSvc2-*
p_svcT-*
p_get men—*
p_brkpt-*
p_svc 15-%
p_anopen-—¥
p_unread-*
p_unvwrite-*
p_unclose-*
p_uncreat-%
p_unaccess-—*
p_urcall-*
p_guit-=*

attribute
setheap
start

stop

wait
realtime
svc 1

svc 2

svc 7
getmen
breakpoint
sve 15

unix open
unix read
unix write
unix close
unix create
unix access
unix call
exit program

ti+tle user-defined kernel routine interfaces

p_attr - attribute standard furction

ldai
sth
1dai

sta
b

argl,k%attr

r3,intparm2 (1scrt)
lscr2,-integer (1lb)
lscr2,intrslt1(1lscrt)

kerncal?2

kernel routine id
shortinteger value parm
addr of result

store func reslt addr
back to common

p_sethp - settkeap standard procedure

ldai
st
b

argtl,k$sethp

r3,intparmi1(lscr)

kerncal2

kernel routine id
integer value parnm
COmmEON

p_s*tart - start standard procedure

ldai argil,k$start

b

kerncal?

compon

p_stop - stop standard procedure
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*x

p_stop ldai argtl,k$stop kernel routine id
st r3,pcbparm{lscri) first parm is pcb id
sth r4,intparm2(lscr1) second is result code
b kerncal? back to common

¥x

* p_wait - wait standard procedure

%

p_wait ldai argl,k$vait kernel routine id
b kerncal2 back to common

*

* p_realtm - realtime standard function

%k

p_Tealim ldai argl,kfrealtm kernel routine id
ldai 1scr2,-integer(lb) addr of result
sta lscr2,intrslt1(lscr1) store func reslt addr
b kerncal2 back to commorn

*

* p_svcl - svc 1 procedure

&

p_svct ldai argi,k$svci kerrel routirne id
st r3,svclptr (lscrl) parameter block address
b kerncal?2 back to common

*

* p_svc2 - svc 2,23 procedure (get elapsed +ime)

%

p_svc?2 ldai arqgtl,k$svc?2 kernel routine id
st r3,intrslt1(1lscr1) paraneter address
b kerncal?2 back to common

s

% p_svc? - svc 7 procedure

*

p_svc? ldai arg1,k$svc? kernel routine id
st r3,svciptr (1lscrl) parameter block address
b kerncal? back to common

%

* p_getmem - get remaining memory std procedure

*

p_getmem ldai argl,k$getmenm kernel rountine id
sta r3,intrslt1{lscr1) first int (ptr) result
sta r4,intrslt2 (1scrl) second int result (len)
b kerncal2 back to common

*

* p_brkpt - user breakpoint std procedure

%

p_brkpt 1dai arqgl,k$brkpt kernel routine id
st r3,intparml1{lscrt) line number parm
b kerncal2 back to common

*

* p_svc15 - svc 15 procedure

FS

p_svci15 1ldai arqgil,k$svci5 kernel routire id
st r3,svcl5ptr (lscr1) parameter block address

b kerncal?2 back to common



x

*

%

P_unopen sta
sth
l1dai
sta
1dai
b

unread sta
sta
sth
ldai
sta
ldai
b

-
*
*
p_unwrite sta
sta
sth
ldai
sta
ldai
b
*
*
sk
p_unclose sta
ldai
sta
ldai
b
%*
&
%
p_uncreat sta
sth
ldai
sta

ldai
b

*
*
*
P_
sth
ldai

sta
13ai

p_unopen - unix open function

r3,ioparm2 (iscrcl}
rli,intparm2 {1lscr1)
lscr2,~-integer (1b)
1scr2,intrslt1{lscr1)
argl,k$unopen
kerncal?2

p_unread - unix read function

r3,intparmi!{lscri)
rh,ioparm2 (1scTt)
r5,intparm2 {1scrl)
lscr2,-integer (1b)
1scr2,intrslt1(1iscr)
argl,k%unread
kerncal?

p_unwrite - unix write function

r3,intparel(lscrl)
rh,ioparm2(1lscrt)
r5,intparm2 (1scr1)
lscr2,-integer (1b)
1scr2,intrsit1(1lscr)
argl,k$unwrite
kerncal2

p_unclose - unix close function

r3,intparai{lscr1)
lscr2,-integer(lb)
lscr2,intrsltt(1lscrt)
argl,k$unclose
kerncal?2

p_uncreat - unix create function

r3,ioparm2 (1scr1)

T4, intparm2 (1scr 1)
lscr2,-integer {1b)
1scr2,intrslti{1isccl)
arqgl,k$uncreat
kerncal?2

p_unaccess - unix access function

unaccess sta r3,ioparm2(lscrl)

r,intparm2 {iscr1)
lscr2,-inteqger (1b)
lscr2,intrslti{isctl)
argl,k$unaccess
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b kerncal2
: p_uncall - unix call function
;_uncall 1dai aragl,k$uncall

b kerncal2
: p_guit - exit concurrent program
;_quit ldai arg1l,k$quit

b kerncal2
title pop levels kernel routine
poplevls (var p:pcb;level:inteqger;var result:boolean});

the pop levels routine is called by the kernel when it is
desired to pop level activation records (1d's) for a
particular process so that it returns to the statement
followirg the p_prgcal call at the specified

level. thkis is generally used wvhen an invoked

program i1s to be terminated due +o0 an error or user
request. if the process is not currertly executirg above
the specified level, result is set false and no popping
oCccurs.,. otherwise, 1d'S AKE POPPED UNTIL THE LDB POINTS
T THE LD WHICH WILI RETOURW to the specified level.

the pc is set to call p_sprogx which will

pop the last level. however, if the dummy 1d (pchld)
would be restored, or the dummy 1ld is encountered during
the search, the pc is set to call p_term to terminpate
the process instead. 1f the requested level is

below the creatio level, the pc is

also set ¢o0 call p_term to terminate the process.

+his routine is entered as a pascal exterral routine by
the kernel.

O H O M o 3 N W 3 W W W % W

poplavls ski 7,32 alloc reg save area
stm r8,0{(r7) save regs
ldar ri4,rc7 local base

lda r©3,0+32(c14) ge* pchb address
lda r4,4+32(c14) get level number to restore to

lda ré,ldb(r3d) get addr of current 14
1hki r0,0 assume we couldn't pop it

clb tl,1dlevl(ré) are we above requested level?

bp poplsé no--can'T DO IT

ch rl,pcbecrlvl (r3) pop creation level?

bm poplsi yes—terminate process instead

ldai r8,pcbld(r3l) addr of dummy 14 for check
popls2 lda r6,1db(r3) get current 14

cr re,r8 is this the dummy 1472

be poplst yes—-terminate process

clb r4,1dlevl(re) is this desired level?

bnm popls3 ves--go set it up

lda T6,14d1d1 (x6) get rext lower 14



popls3

poplsh

lis
poplsé

ahi

br
roplsy

*his

W W% % 4 3

currlevl 1lda

level to the kernel for a specified pch.
required since the kermel cannot access the 1d.
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sta ré,1ldb(r3) set it as currernt 1ld

b popls2 continue search for proper level
lda Té,1db(r3) get 1db

sta ré,lb*adc+gpregs (r3) loc base for p_sprogs
ldai r6,p_sprogx vhere to resume execution
sta Té,pc (T3) set resume addr

lis r6,0 false

sth ré,allregs {3} no allregs restore regd
r0,1 return resunlt

1m r8,0{r7) restore regs

r7,32 restore stack ptr

15 return to caller

ldai ré,p_ternm set up to kill process

b popls5S go to common code
title current level kernel routine

function currlevl (p:pch) :integer

external function provides the currert* execution

this is

r3,0(c7) get pcb addr
lda rl4,1db(r3) get 1ld adédr
1b r0,1dlevl (T 4) get level-1
ais r0,1 get current level
hr rts return +*o caller

title kernel interface routines for memory management

current process's heap.

procedure mark (var top: integer)

this is used to0implement

attribute (heaptop).

*

-3

*

* +his kernel external routine performs a mark on the
%

*x

3

shi
stm
lda
lda
bal
1t
1m
ahi
br

*

%*

%

release
stm
ir
lda
bal

equ *

r7,9¢ alloc stack space

r0,32{r7) save all regs

lb,currpchb get current pch
1b,lb*adc+gpregs (1b) get 1b val from caller's pch
llink,p_mark call pascal mark routine

r0,reslt get result

r1,3244(r7) restore other regs

r7,9¢ restore stack ptr
r15 return to caller
space 3

procedure release (top: integer)

shi r7,96 alloc stack space
r0,32{r7) save regs
r14,r7 save base ptr

arg1,9€+0(rc7)
1link,p_rel

reset pt is first c arg
call pascal release routine
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1m r0,32(r7) restore regs

ahi ¢7,96
br r15 return to caller

space 3

*

* procedure getmem (var ptr, len: integer)

4

¥ +the getmem procedure allocates the rest of a concurrernt

* stack to the caller in the form of a pointed-+to record

¥ and its length. this kludge exists to allow nadex to be

* adaptive to its reqion size without recompilation.

*

getmem 1da r3,0(T7) get addr of ptr result
lda T4,4{rT get addr of len resnlt
1da r5,currpch get current process pch
1lda ré,sdb (r5) get stack descriptor
1lh r1,seqlstak (r€) is +this concurrent stack?
bnz getmem? no--getmem rot valid due to heap
1da ri1,stacktop(Té€) get current top
ais r1,7 round up to a
rhi rt,-8 dw bonndary for good measure
lda r2,heaptop (ré) get upper bound
sar r2,r1 calc amt of space available
sis r2,adc back up just for good measure
bnp getmen?2 none available--error
sta rt,0(r3) give address of space
sta r2,0(cH and length
aar ri1,r2 calc end of space
sta ri1,stacktop (ré€) new stack top

getmen3 kr r15 return to kernel

getmenmn2 1lis rl,0 get nil/zer
sta r1,0{r3) set nil ptr
sta r2,.0(cl) and zero lengtth
b getmem3 returr to kernel
title library interface to kernel

3

* kerncall - library interface to kernel

%

* at kerncall it is assumed that 1llink is the return addr,

¥ argl is the kernel functin code, lscrl1 has the come area

* address, and rO0/gb/lb have been restored., kerncal2 will

* restore lb.

-3

kerncal2 1lda 1b,11{1h) restore 1b

kerncall sth argl,entrcode(lscrt) set entry code

lda lscr2,currpch get current pcb addr
sta r0,r0*adc+gpregs (1scr?2) save rd
sta l1b,ib*adc+gpregs{lscr?2) =save 1lb
sta gb,gb*adc+gpregs (1scr2) save gb

sta 1llink,pc(lscr2) execute at return addr
lis 1scr1,0 false

sth l1scri,allregs (1scr2) all req reste not reqgd
b anserve returnr from kernel serve call

space 3



*
*
*

kernfull

*
*
*

unserve

un serve?
lda
1m

ahl
br

serve
stm

sta

testg
servab

serveb

serve2
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kernfull - full req save/restore kernel call

=th argl,entrcode({lscrl) save entry code

lda lscr2,currpch get current pcb addr
stm r0,gpregs{lscr2) save all regs

sta 1link,pc{lscr2) returp address

lis 1scr1,1 true

sth 1scrl,allregs {1scr2)y all regs

b unserve return from kernel serve call
space 3

unserve — return to kernel from serve call

lis 1link,1 true

sth l1link ,kernactv pascal/32 kernel active
lda 1llink,acomm get comm area addr
r7,kernr7(1link) get kern stack ptr

r8,0(cT) restore regs

r?7,32 restore stack pir

rl15 return to kerr following serve call

serve - kernel return poir%t to library

shi r7,32 alloc space or c stack
r8,0({(r7) save regs

1h r3,kernlock are we locked?

bz % no--find out why

lda r3,aconn restore comm area address
T7,kernrT{r3) save kernel ¢ stack ptr

lis ri4,0 false

sth r14,kernactv not running pas/32 kernel code
equ ¥ taskq *est used to be here

lda ri4,currpch get o0ld pcb addr

bz serveb none——-no sve reqd

1da r5,newpcb (r3) get new pchb to serve
clar rti,r5 same pcb?

be serve? yes—-no fp save reqd
1k r6,allregs (Th) all reqs save?

bz serveb no—-—-no swveat

stme r0,fpregs(riy save single precisiorn
stmd 1r0,dpregs{rl) save double precision
1da r5,nevwpch (T 3) get new pch

bz serve? there is nomne

1h r6,allregs{rh) all teq restore?

bz serve?2 no—fine

ime r0,fpregs (rb) load single precision
1nd rl,dpregs(T5) locad double precision
sta r5,currpch new current pch

ldar 5,5 is there a new pcb?
bz waitl no——enter wait

1t r6,allreqgs (r5) all reqg restore?

bz serve3 no—fine

lis rée,0 false



servel

serve3l

dc

wait1

*

*
%
%

dc

kerninit

shi
stm

1hi
sth
ldai
ldai

initlnk

bm

1hi
sth
1L

ohi
sth
1h

sth
ails
ais

b

PAGE 192

sth r6,allregs (r5) reset allregs

equ ¥

lis r6,0

sth r&,kernlock wun THIS CAN'YT GO HERE wnn
lda r6,pc (T5) get resume addr

oi T6,y"40000000" Jlast 2 halfwds of rx3 branct
sta r€,kernexit+2 put in branch instr
1m r0,gpregs (r5) load regs

b kernexit exit from kernel
lda r0,gpregs(r5) reload r0

lda gh,gb*adc+gpregs(r5) reload gb

12a l1b,lb*adc+gpregs (r5) reload 1b

lda l1link,pc(r5) load return addr
lis ré,0

sth r6,kernlock

1h r7,.kernpend running disabled?
bzr 11link no—-exit

heQe can't get here

lis r7,0 false

sth r7,kernpend not disabled

sth r7,kernlock not locked

htov can't get here either

svc 9,vwaittsw enter trap wait

+itle kerninit - kernel irnitialization part 2

kerrinit (comm,stacksize,taskqsize,var init_pch)

equ * entry from kerrel as external routine
r7,.,32

t8,0(cTN save redgs

lda r3,0+432(c7) get first parameter
sta r3,aconm set comm area addr in low core
lis TE, 1 true

sth r6,kernlock kernel is locked now

sth ré€,kernactv and exec pas/32 kernel code
1hi Té,x'8300° front of uncond rx2? branch
s+h r6,kernexit £ill in in branch ins*r
re,0

r6,kernpend kernel is running emnabled
r3,p_links addr for library links

r4,1inktab table of links

1 r0,0(rl4) fetch entry

initlnkd we're done at end of table

r0,x'4300° unconditional branch

r0,0(r3)

r0,0(r4) first half of addr

r0,x'4000" make it rx3 branch

r0,2(r3) put in instr

r0,2{(r4) get second half
r0,48(r3) finish instr

r3,6

rh, 4

initlnk continne in table

initlnkd equ * end of table
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#*

ini+ialize error handler

shi r¢7,32 get more space or stack
ldai r8,sigtab table of signals
errinit?! equ *
1h r0,0(r8) get signal number
bz errinit3 we're at end of table
st r0,0(r7y set first parm

l1hi r0,1 set to ignore first

sta r0,8(r7) set it

bal r15,signal find out wkat it is set to

thi r0,1 was it ignored?

bnz errinitl ves—-then leave it alone

l1dai r0,p$error error handler

sta 10,4(r7) set this also

bal r15,signal initialize signal interface
errinit4 eqgu *

ais r8,2 advance to next entry

b errinit! continue processing
errinit3d equ * tere vhen all siqnals se+*

1li r0,y*80007£00" psw status in no-stack mode
sta r0,0(r7)

1dai r0,errini+2

sta r0,4(r7) resume psw

sta r7,8(r7) o0ld stack ptr

sve 0,048 signal
dc 0,0 switch to no-stack mode
erririt2 equ * resumes execution here
ahi 7,32
1m r8,0(r7) restore regs
ahi r7,32
br S o o return to ¢ kerrel
*
% error handler
E 4
entry pf¥error
p$error equ * here from c signal

1 r0,0(r7)

st r0,ersig signal number

im rB,4(r7y <r0-r7

stm 71T8,ersave save r0-r7

1m r8,36(r7) r8-rf

stm r8,ersavet+32 save them also
lda t0,72(r7)

sta ri,erpc

l1h r0,kernacty

bnz kernerr error in kernel--fatal
shi r7,32
1 r0,ersiq

st r0,0{(r7) re-instate the signal

ldai r0,p$error

st rd, 4(c7

bal r15,sigral re-instate the signal we caught



1i
sta
ldai
sta
sta
svC
3 e
error 2
ahi
lda
1m
stm
1m
stn
stne
stnd
1hi
sth
lda
sta
ldai
1hi
sth
lda
1
st
sth
b
kernerr
bal
p_null
dc
stackerr

x
*
*
c_main

align

sigtab
dac
dc
dc
dc
dc
dc
dc
dc
dc
dc

#*

r0,y'80007£00" no-stack mode psw
r0,0({c7)

r0,error?2

r0,4(r7) resume psSW

r7,8(r7) stack

0,48 sigral zero

0,0 enter no-stack mode
egqu *

r7,32 restore stack
r1,currcpch get current pch
r8,ersave

r8,gpregs{rl)

rf8,ersave+32
r8,gpregs+32(r1)
r0,fpregs(z 1)

r0,dpregs{rc1)

0,1

rf,allregs(r1)

r0,erpc

r0,pc(rl)

arg l,k$error

0,1

r0, kernlock

lscr1t,aconmm get comm area
rl,ersiqg

rd,intparmi{lscr1) <=signal nunber
argl,entrcode(lscri)

unserve go to kernel

equ *

r15,abort go abort due to kernel error
equ *

htQ?

err stck.er,0 disabled stack limit
title constants

library constants

dac CHMATN

adc
equ * table of signals to catch
ht2e catch irpt sigmnal
hrye illegal instr
ht5? trace trap
h'7? ent
h'8? arith fault
ht10? memory faunlt
h*11 segnentation fault
hv12¢ system call error
hv 13 pipe error
h'Q? flag end of table

library link table

align adc
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linktab ecqu *

dac p_sprog
dac pP_SpProgx
dac p_fort
dac p_new
dac p_mark
dac p_rel
dac pP_sconmp
dac p_sand
dac p_sor
dac p_sdif
dac p_stcpy
dac p_stcop0
dac p_stcapl
dac p_stcnp2
dac p_stcmp3
dac p_prxcal
dac p_trace

sequential program entry
sequential program exit
fortrar routine call

new standard procedure
mark standard procedure
release standard proc
set compare

set and

set or

set difference

structure copy

structure compare
structure compare
structure compare
structure compare

prefix call

compiler generated trace

do 3 extra entries
dac p_null res for pas/32 exparsion
space 1

*

* concurrent library links

B
dac p_cprog conc program entry
dac p_init init process
dac p_term process termination
dac p_cCprogx conc proqgram exit
dac p_4delay delay standard proc
dac p_cont continue standard proc
dac p_exchng excharge standard proc
dac p_minit monitor init
dac p_menter monitor entry
dac p_mexit monitor exit
dac p_prxent prefix entry
dac p_prxext prefix exit
dac p_kercal nser-defired kernel call
dac P_prgcal program call
dac p_io io standard proc
do 6 reserved
dac p_null reserved for future use
dac -1 mark end of table

*

* impure data areas

*

impur

ersiqg ds adc signal rumber

ersave ds 16*adc general regs

erpc ds adc program courter

end
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APPENDIX G

SOLO SYSTEM FILES
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The following appendix contains a 1list of the UNIX files
used 1ir the Solo system and their compilatior methods if

further modifications are desired.

s0lo32.p : This is the +text file which contains the
Corcurrert Pascal system. It is compiled with the

command line :

cpascal so0lo32 -o solo32

The resulting object code is placed ir a file «called

solo32.

kernel.c : This is the modified Corcurrent Pascal Kernel.

The command line for its compilatior is :

cc -c kernel.c

The output file has a name of kernel.o.

conlibry.s =: ©This 1is the modified Concurrent Pascal

Library. The command line for its assembhly is :

as conlibry.s -o corlibry.o

The object code 1is then placed in a file called

conlibry.o.

solo.vd : This is the rame of Solo's virtual disk. The
file contains all of the Sequential Pascal programs that
used by Solo. Included in this are the seqcode files and

the text files of the programs.
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reloc.p = This is the Sequential Pascal Relocator

program. It is compiled with the command line of

pas32 reloc -0 reloc

Te object code file is given a name of reloc.

solo : This is a shell file which contains the execution
commands for the Solo system. As described before it has

a format of :

s0lo32 -k120k -f1x solo.vd -f3 prirvtfile -fir cardfile

pas32 : This is the modified pas32 compiler shell,

cpascal : This is the modified Concurrent Pascal compiler

shell.
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ABSTRACT

Solo is an operatirg system that is written entirely irn
Concurrent Pascal. Application programs are written in
Sequential Pascal and are utilized by Solo to support various
functions of an operating systen. The system is powerful
enough to provide most features that a single user might need
while it is small enough so that a person studyirg operating
systens can understand the whole system in a short amount of
time. With a few additional functions Solo can be expanded to

a useful operating systenm.

The intent of +the project was *+to reestablish the Solo
operatirg system and implement extensions on the origirnal
system to allow interfaces +to the UNIX file svstem and
environment. Cortained in the report is a description of
these extensions and the necessary modifications that were
made *o reestablish +the Solo operating systenm. the
implementation in which Solo allows a user to have access to

the UNIX file system and environment.



